DOCUMENT RESUME 



ED 383 558 



SE 056 361 



AUTHOR 
TITLE 



SPONS AGENCY 



PUB DATE 
CONTRACT 
NOTE 



PUB TYPE 



INSTITUTION 



Ellis, James D. ; Maxwell, Donald E. 
Intervening in the Professional Development o£ 
Science Teachers: The Colorado Science Teaching 
Enhancement Program. Interim Report of the Formative 
Evaluation of CO-STEP. 

Biological Sciences Curriculum Study, Colorado 
Springs . 

National Science Foundation, Arlington, VA. 

12 Apr 95 

NSF-TPE--9155199 

ABp. 

Reports - Evaluative/Feasibility (142) 



EDRS PRICE 
DESCRIP 'ORS 



IDENTIFIERS 



MF01/PC02 Plus Postage. 

Biological Sciences; Elementary Education; 
"Elementary School Science; Elementary School 
Teachers; Environmental Education; "Faculty 
Development; Inservice Teacher Education; 
"Instructional Effectiveness; Intermediate Grade.'-: 
Physical Sciences; Program Descriptions; Program 
Evaluation; Science Education; "Science Teachers; 
"leacher Education Programs 
' ' Colorado 



ABSTRACT 



The purposes of the Colorado Science Teaching 
Enhancement Program (CO-STEP) are to improve the background in 
science content and the i ns t rue t i oia 1 skills of teachers in grades 
four through six throughout Colorado and to Gupoort the 
implementation of effective instruction. A network of six Teachsr 
Development Centers in Colorado coordinate teacher enhancement 
programs and follow-up implementation support. Physical science 
(physics, chemistry, geology, meteorology, and astronomy), life 
science, and environmental science content that is essential to 
teaching science in the upper -e 1 ement ary grades is a central focus of 
the program. Teachers also learn how to infuse the science content 
into their curriculum and instruction. During the program teachers 
develop instructional skills, including cooperative learning, 
construct; 'ist-based teaching strategies, and innovative assessment 
procedures, Participating teachers adapt instructional units from 
existing curriculum materials and field test, evaluate, and revise 
the units for use in their classrooms. This document discusses the 
project goals and objectives, project design, rationale for CO-STEP, 
general model of the teacher development program, the teacher 
development program, evaluation plan, evaluation results 
(quantitative and qualitative) for each of tl centers, and 
conclusions. Contains 67 references. (LZ) 
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Intervening in the Proressional Development or Science Teachers: 
The Colorado Science Teaching Enhancement Program 



The piu-poses of ih.c Colorado Si;icncc Teaching l-lnhanccment Pr;,gram 
(CO-STfiF) are \o improve the background in science content and the mstruc- 
t'.onal skills of teachers in grades four through six tln oughout Colorado and ;o 
support the implementation of elTective instruction. Dunng the fall of 19') 1 , 
with support from I^SCS and participating colleges and school districts, BSCS 
initiated a pilot test of the CO-STliP project at Centers m Colorado Spnngs ;ind 
Pueblo In June 199,1, BSCS received support from the National Science foun- 
dation to expiuid the pilot test to include a total of six Centers ( see figure 1 ) 
Uunng the pnst three vears, BSCS has Ibrrncd a network of six feachcr Devel- 
opment Centers in Colorado and has conducted a Irainer-of-trainers program for 
insiniclors from those six Centers (ITlis and MaxwcP, 1993) ( he Teacher 
nevclopment Centers coordinate teacher enhancement programs and fclio-.v-up 
iinpiementalioii support for teachers who paiticipate in the proiect, Phvsical sci- 
ence (i e,, physics, chemisir;,. gcologv. meteorology, and astronomy), lii'c sci- 
ence, and environmental science content that is essential to teaching science in 
liie uj iper-elcmoniai'v grades is a central focus of the tcaclicr dcN clopment jiro 
gram Teachers also leam how to infu.se the science content into (heir '. utncu- 
luni anil instruction Throughout the 6(1-inonths of support from the National Science loutidiition (NS!-), teachers devehip 
uistructional skills, including coiiperative learning, consU ;:cli\ ist-based teaching strategies, and innovative assessment 
prcK'edures Center stafi" and instiiictors nKxicl these in,-tnjctional tecluiuiues for the participating teachers during the 
lectures, discussions, field activities, and laboratory sessions of the science coi ses Participating teachers adapt in.structional 
units from extant curriculum materials and field lest, esaiiiale, and rc\ vse the units for use in their clLssnKuns 
1.1 Project Goals and Objectives 

The three goals of (."D-STHP are 1 ) to irnpi cn e the science tiackground of element aiT teachers, 2) to help teachers applv 
new pedagogical strategies in teaching, and '' i to assist teachers m adapting instructional units for science education CCi- 
S 11 P has the following oti|ecti\'es 

• 1 establish a Colorado network of six Teacher I)e\clopment Centers lo support collaboration among science I'acultv, 
science educators, and teachers foi the iniproveincnt of science instruction in upper-clemeniary grades 

Conduct a trainer-of-trainers prograrri to prepare ctfectivc teacher educators for each Teacher l)c\'elopment Center 

• Develop the leadership sk.Tis of teachers in grades foui through six v\l i u ill assist colleagues in cinproviiig science 
iiislnicUon 

Improve the understanding of scicmx- concepts. Ncienec processes, .md the natur.- of science of teachers and their 
colleagues 

• T^nhancc the science (cachmy inetluvls of teachers and then colleagues 

Document the etVectiveness oi'a teacher development niiKiel at enhancing lh(,- science knowledge and instructional 
skills of upper-elem(!ntnr\ schcxil science teachers 

• Disseminate the teaclier development incxlel and etVectiN e apj)roachcs •or teacher enhancement to teaehc educators 
throughout the nation 
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1.2 Project Deiign 

Dunng the 60-months of support from NSF, the project staff will build an infrasLructure to provide teacher dev elopment and 
follow-up implementation support directly to approximately 300 teachers and iiidirectlv to ()()0 additional classrcx)m teachers, 
these teachers will serve 25,000 students CO-STfiP will serve the teachers at a cost to NSF of approximately $1 ,700 per 
teacher 

1.2.1 Teacher development network. BSCS has established in Colorado a ,itatc-wide netuork of six Teacher 
Development Centers I'lgure 2 presents the infrastnicture of the teacher development network I'.ach Teacher nevelopinent 
Center (TDC') is a collaborative partnership ainon^. a umversitv and one or more schix)l districts Most sites are atTiliated 
with her the Colorado sys- 
teinic initiative or with the 
Colorado Alliance for Sci ■ 
ence l'!ach IDC has a direc- 
tor and ccHirdinalor that are 
responsible for managing the 
NSF-suppoiled aspects of 
the project, I'he Teacher 
Development Centers will 
Ckiutiniie bcvond NSl- sup- 
port 

1.2.2 Traincr-of- 
traineri* (iro^ram. BSCS is 
conducting a tiainer-of-train- 
crs ( TOT) program !'or the 
stalTfrom each of the six 
l eacher Developinen! Cen- 
ters A. maximutn of tour 
statT members from each 
Center ( g , the Center 
director, the site ciKirduiator, 
the site evaluaior, and a mas- 
ter teacher and iui adminis- 
tiator oi bi'tli) aie pailicipai- 
iiig ill tiie uses 1 ( ) ! pii>- 

am 

1 o picpaic the l eiitci s to design, ci induct, and cviiluatL tln.it tcachci development proiecls, 1 fSt S :s ennductiiig the 
fnllowing 1 ( ' 1 courses 

TO I in.<:iiiuie MSCS stall' conducted a stall' de\clo[iinent program for the staff members lion, the Centets ( )iie 
institute was held dining the suminei of l''')2 for the I'ust four centers, and in<iivuiual institutes vvi.:re lu-ki for the last 
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two centers as they joined the project. Dunng the 10 T institute, the Center stafl" studied the basir H.:.sign for the 
teacher development program for CO-STEP, learned about the science content and instructional strategics that are 
the focus of the program, adapted the basic design to theu- situation, and developed an implcnicntation plan for their 
project. 

TOT seminar. BSCS staff convene regular meetings (bi-moiithly in years one and two and quarterly thcrcafkr ), at 
various sites throughout the state, to encourage project stalTto share the results of their teacher development pro- 
grams and to continue study of etTective approaches to teacher development. liSCS stalTalso conduct two or more 
site visits to each Center dunng the school year. BSCS staff hold one seminar early each spnng dunng which project 
sti-tT review their Sti'ategic Planning Course and Science Content Course and develop a course syllabus and imple- 
mentation plan for their Curriculum Planning Course BSCS stalTalso serve as guest speakers t'or each Center 
throughout the project 

l:ach C"i nter receives ihc following inccnu\'es for participation in the project 

One initial site visit by BSCS start' for consultation w ith the Center leadership team, schcKil administrators, and 
teachers from all participating districts. 

• I Ip to $30,000 in matching funds dunng the first year of piirticipation, up to $20,000 dunng the second year, and up 
to $10,000 the third year. In addition, each of the Centers will receive a total of $45,000 to provide stipends to 
teachers for the summer institutes ($500 per teacher) 

• Tra\ el and living accommodations for foui' members of the Center stalTto attend the TO T institute, workshops, and 
seminars 

i-'oUovv-up consultation and support from BSCS statT including sit': visits 
In return Ibr suppod from BSC'S ;uid the Center, the Center asks each district participating in the Center to 

• provide each pai ticip int with a '■ndximum of six relcasi: days during each school year to attend the teacher tlc\'elop- 
nient sessions and to participate n collaborat e planning and coaching, 

support the costs for an adininisti ator to ctxirdinate the district program and to provide classnxim supiKirt to partici- 
[lating teachers, 

allocate $500 to each pailicipatmg elemontaiy classroom teacher each vear to purchase cuiTicular matcnals and 
equipment, and 

authori/e field trips foi students to conduct ■■itiencc stmiics 
2.0 Rationale for CO-STEP 



2.1 The Need 

Citi/ens read duilv and hear constantly about science issues such as earth quakes, mass transportation, communication 
technology, air pollution, water conservation, waste disposal, and global wiii-mtng In the last decade, the u. f.,..;icv of prob- 
lems such as population growth, resource u.se, and environmental degradation has increased and expanded from the concerns 
of :i few scientists to a cnsis for manv citi/ens 1-rom lixal to global perspectives, ihe situation demands attention from an 
eiiliglitened citizenrv, an ideal that JelTerson felt was a prerequisite for an eiVective denu>cracv UnfoilunateK , the evidence 
indicates that American citi/ens are neither enlightened about nor attentne to science related issues (Mullis and ,!enkiiis, 
I'/SS, Miller ct al , I'-'S*)) 

Science education is m an era ol'ietcrni Allei inoii: iliaii a tlecade of icnectmn, studv, .itid iiationai ie[)nits, manv l.irtic- 
sciile projects ofcuiTUuilum tievelofinienl and teacher ctliieatioii are andervvav The inesciipablc presence of science and 
teclmulogv-ielated issues and tlie extensive fefi>nii ol educational progranis present the need tuid opportunity for inipio\ed 
science education I '.stablishing a substantial conceptual and experiential founi';ition dunng the elemeiitarv vears seems the 
riicist ie:isonable place to begin developing a t:iti/etir\ thai lioih understamis science and technology and acts to improye 
interactions with the world 
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C()-ST1'P embodies the new directions in elementary schixil science exemplified in the tbllnwing national reform 
clVorts: Project 2061: Science for AU Americans and Benchmarks farScience Literacy (AAAS, 1'>S9. AAAS, 199"?), 
Sational Science Hducation Standards (NRC, 1 994), (letting Started in Science: A Blueprint for lilementii>\ Schocl 
Science Education (The National Center for Improving Science lidu^ation, 1989), and \ew Designs for hJementaiy School 
Science and flealth (BSCS and IBM, 1989), Centra! to all liiree reports are the following: recoinmendaDons 1 he new 
science programs should 

• provide basse education in science and technoloj.^ lor all students. 

• focus on major themes in science and technolojj'. , 

• emphasi/e less content in greater depth , 

enable children to learn by constructing, meaning from hands-on experience, 

• incorporate cmperative learning, and 

• coordinate with comprehensive schcxjl reform ctTorts involving schcxils, teachers, and the cumculum 

Scho(.)ls in the United States, however, have vet to act d'.\;isi\ civ ui pro\'idiug programs that will prei'jare students with 
the knowledge and skills they will need to address contemporary challenges such as oil spills, limited natural resources. 
staiA'aiion, the destruction of the ram forests, and future challenges yet unknown (AAAS, 1 989) This is particularly true for 
rmuority students, who are becoming the majontv of the students in public schiwls (AAAS. 1 989, 1 lixlgkinson, 1 986, Vetter. 
1 988) BSCS designed this project, therefore, \o establish a network of Centers to support the implementation i-'' mnovati\'c 
curriculum and pedagogy in elemnntan' schw.il science. 

But, there are barriers to science education during the clement;ir'v vears Research suggests that one of the har riers to 
science eilucation sterns from teachers' misgi\ irigs about their competence to teach science Teachers w ith a poor hack- 
giound in science mav not ha\'e the personal interest m nor commitment to educating students about the environment. The 
research mdicates that this liamer is based upon poor science content and a lack of knowieilge about how to approach the 
de\'elopment of instructional activities (1 lam and Sewing, 1 988) 1\ lernenlarv science teachers especially are in need of 
content updates m phvsical science 1 he research on barriers to en\'ironrnental eiiucation also indicates the ctTectiveness of 
liaving teachers exper ience a workshop designed to improve the content background and pedagogv of the teachers (I lam, 
Rellerger^ Tavlor, Knirnpe, 1988) 
2.2 leachtr Development Model 

BSCS belie\'es that a constructi\ i pproach to instniciion is appropriate not only for elemental students but for tlieir 

teachers as well Teacher de\ elopment rather than teacher training is the tocus of the [niiposed project We would like the 

Icachers to become reflective practitioners (Schon, 1991 , (irimmett and hrickson, 1 9X8. Mohr and Macl can. 1'.87 

( rvuckshank, i 98"^, Clifl, 1 louston, and Pugach. 1 990: who are empowered to study and implement impro\ernents to then 

mstnictional practice (content and pedagogy) Throughout our work with the Center leadership teains 'a- encourage these 

lean's to use the lollowmg strategies to promote ictleclivc teaching 

Rcllvction on ii'urninn teachers use interN iews of students, concept mapping ielU:cti\e note taking, aiialvsis ot . asi.' 
suiilies. ami snial' discussions to rellect on their own learning and stuiients' learrting 

Rfflfciion on .wli teachers keep a lournal, write a pers( .ii;il biogiaphv. and iJevelop a rtietaphoi ior tlieii own teach- 
ing stvle 

• Hf flection on action teachers use microteaching, videotapes iil' their own lesscnr; onser\'aiions oi expert leaetiers 
sludv groups, peer coaching, and mentoring and conduct case study reseau:h 

• RefliU lion on proyram improvement teachers mtoriiret results t'rotn iritei a icws of stuiii.'nts. paients, and othei 
teachers, innovation eonliguratioti checklists, and student outcottie data 
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I'' or changes in tlie leaching of science in the elementary classroom to occur, teachers must learn about and cspenment 
with the new pedagogy, such as a construct! vist approach to learning, cooperative Icanung, and acii\ ity-based science (Little. 
1 982; Joyce and Showers, 1 988) Teachers also need to improve their pedagogical content knowledge - knowledge about 
how to interpret science content for students. The intrcxluetion of teachers to tlie new pedagogy and science content for 
elementarv' science is central to the project Through this mtxlel for staff development, the master elementarv' teachers are 
inircxluced 'o science content, the new curriculum and pedagog\' for clementarv science, and the etTective strategies for 
implementation (1-ullan, Bennett, and Rolheiser-nennett, 1990) 

I'or any innovation to become integral to a sehiKil's instnictional jirogram, the school's personnel must complete the 
c\clc of implementation: initiation, implementation, and instuutionah/ation i aeh phase is critical to the K^ng-term success 
of tmy new program initiatu'c because what happens during one phase of implementation iiitluences what happens during 
subsequent phases More impoHaiitly, successfully implemented programs include a plan for the activities of all three phases 
I'rom the outset. 

2.2.1 initiation. Initiation establishes the impetus for chiinge The events that occui- during initiation ha\e a profound 
-ilect on the eventual outconu . of the inno\ ation, Dunng the initiation phase, schools 1 ) become familiiii' with the nhiloso- 
phy and featuies and the innovation, 2) pilot test the inncn'ation with a few teachers, 3) decide whether or not to adopt part or 
all of the components of the inno\ ation, mid 4 ) design the implementation plan Marshaling a broad base of support for the 
innovation is the critical task of the Center leadership team dui ing initiation. The sehi.Hil improvement program will ha\'e a 
loiig-tenn impact on leaching only if distnct administrators, teachers, and principals are central to the planning of the 
itn[)lementatu>n of the inno\'alion from the outset (Herman and McLaughlin, 1 974; Liillan, 1 9H2 ) Dunng this phase, the 
implementation team asks questions 1 low dtK's this new program help us achie\e our goals for instruction'.' 1 low can we 
design a comprehensive plan for stalT development',' What are our long-range plans to implement this program'' 1 low can we 
ensurt that the changes in science education become lasting ' 

2.2.2 Implementation. Implementation, the phase in which teachers begin to use a new program, requires at least three 
to ti\'e years, dunng whicli time the leaders for change take many actions to support teachers. If these actions are not part of 
a strategic plan for '.mplementation, the innovation probably will not become integral to a schinil's instnictional program 
Lssential to this phm are activities for training, consultation, support, and rn'onitoring the program's implementation. These 
activities should be performed by all members of the distnct implementation team, composed of the principal, a district 
administrator, and a member of the Center The schix)l-based team (principal imd teachers) provides tlie ongt)ing and dailv 
supptnl that teachers need ti' use an activity-based science progiam I'or example, tlie principal ensures that teachers have 
the materials thcv need and consults w itJi teachers about the program, while the teachers help their colleagues plan and soK e 
probK'iiis The consultants external to the schixil ■ the district administrators ami statVof the Center - pnu'iiie rnoic compre- 
bensi\e stalVdcxelopment emphasizing the latest trends m science education and .itrategies for iinplemontation CO-STIT' 
capitali/es on these experiences and tlie extant research tn preparing the si.itfof the Centers to use elTectivc statTiUivelop 
ment and implementation strategics I Juniig all phases of impli:rnentation, the liSCS stall' scr\'e as consultants to the slalfot 
the ( 'enters 

2.2.i Institutionalization. Another goal ol'this propniscii pro|ect is to promote regional Teacher Deve.'niirneiit Ceiiteis 
that aiir self-sustaining aHer the giant pcruxl eruis The funds from NSI', the L isenhowei program, ..nd support from HSCS 
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I)U)vidc only tlic seed money for such Centers The Centers must be \sillmg to commit significant funds imd utaiTto make the 
Centers self sustainmg 

The cntical role of the Center is to support the long-term or institutionalized use of inmnative approaches to the leach- 
ing of science I'or instiiutionali/ation to t.>ccur, the members of the leadership team must consider how the\ will ensure that 
changes in elementary science ai-e widespread. Institutionali/ation requn cs no less ellort on the part of the leadership team 
thar initiation or implementation, but the activities are qualitatively ditTerent During this final phase of implementation, 
teachers need suppon to integrate ihe science curncuhirn into other areas I'urthennoie, plans for stall" de\elopment must 
include strategies to educate new teachers tu'.d to e ih-ii-'xe tlic skills o,'" teachers who have begun using the innovation 

Although research about the \nsUtutionalizatior) of both imu -N ative uisUoictional approaches and Centers is minimal, 
there are some promising (rends f or exaniple, recent lesear'.h suj.gests that when imivcrsitics and . cmCmI d:;:t ids collabo- 
rate to improve schtx^ls, changes >\;cur in ch:ssn>om instnxtion (F'.illan, l?emietl,, and Roiiieiser-Henricit, 19')()v When pnii- 
cipals and teacliers work toszcther >viih teams I'f teachers, nctivity-bar.ed si,:!cnce cuincui • are iniTv; hkelv to become integral 
lo the instructional prog: am of the s..-hool ( Musct'lla. 1 989) An imptjftan' :acet of 'n-iitui.t':!ali/ation ts re;iewal wherebv the 
C' liter stall prepare teachers to integrate other t tinicuhw :i:\;a.> into the sciem:t; progv.'y-.i (! Ia;l and 1 l^rd, 1 987 ,i For e\- 
atiiple, constructivism, and cooperative ies,-.ing an; applica* t!,: to manv iitTcretit .umtuUir area- and li<ercfore benefit ele- 
mentaiT teachers responsible for teaching many dilTerent diseiplii-es. BSCS helf^,-: the (. enters become self-sustaining bv 
providing ongoing support to ;,hc Center statf through, regular plani'.ing nii,..,i,ngs, ij-iarteriy meetings of the CO-STliP advi- 
s. V committee, site visits, telephiMie monilormg. and Inteniet !:: a j!.*itioii when the Centers develop tl'cir phins for imple- 
nit.'(it;.'.tum, iiSCS staff suggest strati ;,;.es for the l ing-tcfn! itnplcmcntation ot new pedagogical approaches to elementtuy 
science 

23 Factor!) Related to Education il i hangc 

CO-STJil' I'lcorporates results frorn lesearch on educational change m its teacher development program and follow-up 
implementation support I'ldiicational change is a long and tedious process that begins with the adoption of a new curriculum 
or appr oach to teachnig The decision to change is only tiie begiiming, 1 lord and 1 luling- Austin ( 1 ''86) found that it takes 
three o, mote years ! r teachers to make a substantial change in teaching 

C letting teachers to implement an innovation such as a new approach to elernenttiry ,scieiice requires the co.mmitmeiit ol 
the teachers. Consecjuently, several reseiu-cliers (Beall and Marty, 1984. Hemian and McLaughlin, 1977, 1'uUan, 1982, 
Rogers, 198.'^, Mandura, 1977. Smitli, 1987, lullan, Miles, md Anderson, 1988, Rogers and Shoemaker. 1 97 1) have studied 
factors related to a teacher's predisposition for implementing \ anous educatu)iial innm ations A synthesis of those factors 
Melds the following 

" The teacher must have eonruience that he or shi: can sticccssfullv imfilement tiie new materials and teaching practices 
(self-etVicacv) 

The teacher must In.'lievc that the innovation will inipr-A e teaching, ease some teaching tasks, and improve student 
learning (clTicacv of the innovation) 
• I he teacher must believe that the costs of implementing the innoN atuMi and of chiingiiig their tcaci ing behaviors ami 
materials ultimately will be less tiiaii the benefits gained fioni using the innovation (practicality ethic) 
The teacher nmst perceive that llu' innovation is simple to inastcr and implement, that he oi si e can expciirnent with 
llie innovation on a limited basis m a low-risk cnNuonmenl nid that he or sIk will receive positive teedback trom 
others for using the innovation 

I he teacher must believe that the miuA aiioii is part i if the > stablishcil ■ iitriciiliiiii anil thai ii is \]n[ a fad 
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in addition to the fac'ots intluencinp a predisposition to iinpiementation, researchers (hullan, Miles, and Anderson, 
1988; Dhs, 1989a. Dha and Kucrbis, 1 987 ; Kucrbis and Loticks-Uorsley, 1989; Hdmonds 1979,Kelley, 1980, 1.eithwtxxi 
and Montgomery, 19S1, flrickell, 1963, Emnck and Peterson, 1978, 1-ulhin, 1982, 1.oucks and /acchei, 198.1. Meister, 
1984 Sarason, 1971 , Becker, 1986, Yin and Wlute, 1984, Ckxir and Fams, 1982. Gray, 1984. Cnidv, 1981, Wlute and 
Ramps , 1981. Watt and Watt, 1986. Winkler and Stas/, 1985) also have identified factors that influence ihe successful 
iinjilenieiuation of educational innovations fhese factors are as follows 

Related to Teacher Development and Consultation Support 

' The teacher must piirticipiUc in quality teacher development activities 

The teacher must receive folluvv-up consultation, support, and encouragement I he teacher must hase the opponu- 
nity to jiractice using the new matenals and teachina strategics with individual feedback (coaching) back in the 
classrix)m 

I hc teacher must provide feedback about the implementation project and about his or her use of the innovation 
Schix)l svstcms must use that feedback from teachers to plan additional insei"vice and as'ustance, to prov ide support- 
ive materials, and to consider possible mixlifications in plans, organizational arrangements, and the innov ation itself 
The teacher must have a clear picture of how the innovation can improve science teaching 
R'.'lated to School Di.stnct Support 

The school district must gi\'e the teachers time to participate in training, to plan lessons, to re\ lew educatioiia! 
materials, and to collaborate with fellow teachers. 

The schcx)l district must provide the teachers and students ea.sA- access to necessary equipment and matenals 
riie central office of the school dislnct must sanction and clantS' the need for the innovation, give clear and consis- 
tent communication, apply pressure, provide consultation, release time, matenals, and resouices for training 
The sch(X)l district and building administrators must collaborate with teacheis in developing a clear, long-range plan 
for implementing the innovation in the schcxils. 

The schcx)l district must fonn building implementation teiims that have a shared vision of the change prcKe--- agree 
on and conduct a clear plan for implementation, provide technical coaching and .issistance, aniinge training, rein- 
fr^rce attempts to change, and put the program in the spotlight for evep, onc m the sch(X)l jomnnmity 
The school district must provide inc( titives imd psychic rewards to teachers, including special recognition, release 
lime, salary credit, and technical supjiort. 

The scli(,K)l board and community must support the need for the innovation. 

The principal must take an active role in initiating, sanctioning, supporting, and responding to the innovation The 
princip.ii must provide teachers v^'ith access to resources, training, and assistance from olliers 
The principal mu.st establish in the schwl a positive environment conducive to change The teacher must feel able to 
explore new approaches and to risk failure 

The teacher m.ust agree with administrators and other participating teachers on tlie need, appropriateness, and prioi - 
itv of the innovation 

I'he teacher must be involved in designing the implemeiilation plan, selecting the edvicational materials, designing 
the instnactional units, organizing llic equipment and materials, scheduling the use of the materials, and training other 
teachers, 

BSCS has investigated the factors related to successtul iinpiementation C'< )-S1T;1' will al' nd to these factors in the 
design of Its teacher development program Several studies (Wu, 1987. Steelier and Solot/ano. l';87. Smith, 1987, BSCS, 
19K9. Sta.s/ and Sha\clson, 1985 ) have confirmed the following laciors, which are einplo\ed in the ( 'tJ-S'l'l-'P program, as 
charactenstK s of successful implemcntatior, programs 
Voluntai-v participation by teachers 

Multiple teacher development sessions olfered over (in cMcnJcd pc uKl oriinic (one scmesici or more), coiiiiled '.silh 
follow-up support 111 the classrcxm 

("redihle and knowledgeable instniclors (Teachers oOcn prefer other teacheis us mstnictors i 

( Ingoing inv,)lvemeni of teachers in [ilanning the course (The mstiuctors irius! be llcMblc ami ui" ng to adapt the 

course to thi needs of the teachers ) 

lnser\'ice ac.ivities matched to the experience and concerns ot ilie teachers 
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• lixlensive hands-on practice with the matenals and leaching strategies that progresses from simple to complex 
exercises 

• Hxperience with instructional applications that offer promise lor improv ing science education 

• Comfortable, relaxed, low-risk environment. 

• Appropnale balance between lecture and guided practice 

■ Individualized attention. 

Clear expectations and lelevant objectives 
i'ractical, classroom-related matenals and handouts 
Inserv'tce lessons linked to instruction 

■ I'cer interaction (teachers workmg together and sharing ideas in small groups > 
Recognition that science teaching is a \ cr\ complex task 

Assistance for teachers m making the transition t'rom theop.' into practice 

Teacher need folUnv-ui in the classrcwtn (coaching) lo change ihcir teaching behaviors Several researchers point out 
that peer coaching is cost-ell'cctive way to improv e teacher training (Leggett and Ikn'e, 1987, Jovce and Showers, 19S7, 
Sh vers, 19X5, Munro and IHliott, 1987, l'.randt, 1987, Ncubci't and Bratton, Garmston ; 987) pointsout that 

'jilcgial coaching relines teaching practices, deepens collegiality, increases prolessional dialogue, and helps teachers think 
.nore deeplv about their work The coaching should be conducted bv pairs of teachers, Ukus on the pnority set bv the ob- 
served teacher, gather dai:i about the teaching strategy, student behaviors and outcomes, and teacher behavior and help 
analy/e and interpret the data from the obsers'atum It is important that the teachers practice the new strategies in a series of 
several follow up sessions Showers ( 1985) and I.eggett and lloyle (1987) recommend these 1 iow-up activities that fellow 
teachers might provide on a weekly basis observing the teacher practice the behavior in the clas.sr(K;m, followed by a 
post-observation conference, prvividing support and encouraj^icineni, assisting iii planning future lessons: organizing sharing 
sessions for the teachers to discuss successful and unsuccessful lessons aiui helping with the location and production ot' 
materials 

. <■() Dcaign for Change 

The teacher development program incorporates the latest reseaich in learning theory, pedagogy, cuiTicular organi/.ation, 
and educational technology liach Center adapts the general model to the needs and interests of their participants, ihereforc, 
each site cniphasi/cs the components of the program in dilVerent vvays The following sections describe components that 
constitute the general mcxlel of tlie CO-S IMP teacher development pri ^nim 
3.1 A Constructivist Teachinj; Model 

Ci stiuctivist learning theory suggests students leani best when they arc alio' :d to constnict their understanding of 
concepts I'he phrase "construcluig their understanding," niemis the following 

• i'nor kr.i ^ledjif. Students begin with the knowledge, skills, and understanding thcv bung to the classroom Mv the 
time chil ,ren enter schtxil, they already have what aie to them reasonable explanations for how die world wurks 

I lowevei , those exphmations are usuallv based on limited experiences 

• < 'iimmon experience.^ The purpose of the science cvimcuhim is to provide studen' s with a cmiimon set of experi 
ences that invi es them to examine their cuirent understanding I'he new experiences either support their under- 
standing oi give them a reason to question their think i' g 

Specific mfo/miiiiDn. Next, students are given more specific inform;. 'ion about the concept or phenomenon under 
investigation Students are introduced to terms and find out how those terms appiv 'o their previous experiences 
Adititiontil experience Students pariicipntc; in mote experiences tliat challengi- oi el;ii>orate upon thnr ideas and the 
information thev |ust reeeived 1 hev use those experiences and the new infomiation to eonlinn, refute, nr expand 
vvliat thev have '-en thinkiiiji 
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• Constructing an understanding. Throughout this entire process, students question, ponder, discuss, argue, and 
come to some conclusions about how this aspect of their world wurks In this way, tiiev construct a new or refined 
understandmg of tiie concept or phenomenon under investigation 

The following descnbes the steps of the BSCS instructional model that teachers can use to help students ihmugh the 

process of conceptual change 

1 . En ga ge the learner. These acti\ uies mentally engage students with an event or question. Mngapement activities 
capture students' interest and help them to make connections with what they know and can do 

2 Explore the concept. Next, students encounter hands-on experiences m which they explore the concept fuither 
I'hey receive little . - planation and 'w terms at this point, because they are to defme the problem or phenomenon in 
their own words he purpose at this stage of the mcxlel is for students to acquire a common set of expenences from 
which they can help one another make sense of the concept Students must spend significant time during this stage 
of the mcxlel talking about their expenences, both to articulate their own understanding and to nderstand another's 
viewpoint. 

3 E xplain the concept and defme the tem\s. Only alk'r students have explored the concept does li'ie curriculum and;or 
teacher provide the scientific explanation and terms for what they are studying. Students then use the terms to 
desenbe what they have expenenced, and they begin to examine mentally how this explanation tits with what ihev 
.ilready know 

■\ Elab o rate on the concept. The next stage of the mo iel serves to help students elaborate on their understanding of 
the concept I'hey are given opportunities to apply the concept in unique situations, or they are given related ideas to 
explore and explain using the information and expenences they have a. cumulated so far. Interaction between the 
students IS essential dunng the elaboration stage By discussing their ideas with others, students can construct a 
deeper understanding of tJie concepts 

S Ev aluate students' understanding of the concept. The final stage of the mcxiel has a dual purpose It is designed for 
the students to continue to elaborate on their iinderslanding and to evaluate what tliey know now and what they have 
vet to figure out Alth(^ugh the key word of tins stage is e^ aluate, the word does not indicate finality in the learning 
process Indeed, students will continue to construct their understanding of these broad ciineepts throughout their 
lues 

I *sc I'l ;!;r "5 I'.s" ensures that chikken are active in the learning process In most textbook pro^'ranis. students are 
passive learners ITiey acquire in'.irmation by reading about science or by ; ,rticipating in expvncnccs for which tlie answers 
arc giv on the next page of the hcxik Such learning is meani' ! i,:less hecau:;e li diK's not relate to what students have ob- 
served, 1)1 expenenced, or otherwise already know or have judged to be tnie 

Meaningful learning does take time If students are tniK' to understand the wor ld, they cannot siinplv read, inemon/e, 
and recite isolated bits of information and vix-iibulan- word-. They must take time to wrestle with new ideas, to discuss their 
ideas vMth their classmates and teacher, to collect data iuid use that data to draw conclusions, imd finally to relate what thcv 
an- learning to the world around them 

1 he instructional model proposed for this program accommtKiatcs cixipcrative approaches to learning t-'iH'perativc 
learr ng has a ilual advan age of liaving a signiticani research base and a widespread populantv among elernentarv schcKil 
pcr.sonriel 

J. 2 C~(H)p» rative IxrarninK 

(.'iH)perative learning is not sn much leiu iiing to ciHi[ieratc, as it is ciHipciaimg to learn In cixiperiitiv e gioups, stikients 
i!..lp one another articulate opinions, compare perceptions, share solutions, and develop skills for leadership and teiunwork 
csearch indicates such cix>])ciatioii leads to higher iichicvenieiit (.lolinson, .'ului.son, am! I iolubec, I ''H('i) Maiiv studies 
h;ive shown positive etlects tor both high- mni low nbilitv learners, dispelling the nivth that high-achiev ing students will not 
progress it thev irilcract with students of lesser ahilitv 

er|c ' - 
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Recent studies show that students are more positive about each other when they learn to work ctxiperativelY, regardless 
of alnlity, ethnic background, or handicap Students who have ccxipeiative skills are more able to appreciate the perspective 
of others, are more positive about taking part in controversy, have better developed interaction skills, mid have more positive 
expectations about working with others ihiin students from competitive settings have (Johnson ct al , 19H1 , Sharan. l^HO) 

1 tie teacticf also benefits in this process because students iii a cixjfierative setting take more responsibility for classroom 
miinagement { iands-on science requires that the students interact with materials, and ctx)perative learning is structured so 
'hilt the students, not thi. teachers, numage the materials The process begm.s in kindcrgailcn, pnmarv grade students can 
m.uiage materials wel! furthemiorc, within the frameuiirk of ciKipcrative learning, students take move responsibthtv for 
liclpm,; each other with assignments and problems I hal uUcv iates some of the stress on the teacher to maintain order and to 
kee[) the students on task 

Another benefit of cooperative learning is improved sell'-confidence for many students. Because the teammates become 
responsible for each other's learning and have a vested interest in each other's success, all stuiicnts tend to be more suecess- 
tui Success builds self-confidence By working i igether, the students find out that each has something important to contrib- 
ute (o the group's work As lliey find out that llieir ideas can be useful to others, the students become more self i:onfident 

At HS(,'.S, ue have apjilieii the model of cooperative leiurung developed b\ David W .lohnson and Rogi i T .lohnson of 
the Cooperative Learning Center, llniversitv of Minnesota, Minneapolis, We employ seven basic tenets of li iniKiel 

• I'o.Mlive interdependence In cixiperative grcnips, each student has a responsibility to tlie team, (ioals or tasks are 
structured so that the students must concern themselves with the performance ot all members of the group, not ]ust 
then own perfonn^'nce 

• Six lal skills. At ii;e foundatuni of cooperative leaniuig are siv.ial skills that help students share leadership, commu- 
nicate etl'cctively, build trust, ami manage eontliel ( ienerallv. the students do not corne to the classrixnn with those 
skills; the skills mu.st be defined clcarh and taught in much the same way that academic material is taught 

• Individual (iccounUihtltty. 1 iaeh mcnrber of the cixiper:i'ive group is held accoiirrtable for the perf<imiance of all ll 
becomes the team's responsibility, not the teacher's, to ensure that everyone participates 

• Heterogeneity CiKiperative groups should be heterogeneous in terms of abilitv, se\, ethnicity, and other personal 
chiiractenstics 

• Leadership Al! members of the gr cuips share leaiiership responsibilities l',ach member has a job to do, and the 
group has nr. formal leader 

I 'tirtnership In their groups, the stiuients tiKius on both the academic assignirii iit and the skills they need to woik 
together They review the success of their as.-.j^jirnent and how well thev coopeiated, and thev try to improve both 
Teacher as consultant. 1 he teacher acts as ,i consultant to the students Problems are turned back to the g:oup for 
resolution That aspect of ciHiperative learning is otteii ditricult ;it first, but it is crucial to the success of ctKipeiative 
Iciunmg in le classrinmi Students must have ownership over the pi^« ess as well as the content of the lesson, 

Cooperalive learning is rrot something that happens in a ciassnHim iivernighl ll oecriis incrementallv and requrres tune, 
patience, and constant lernlorcemeni i eachi'rs tell us, liowevei. that it is worlh the etl'oit In the earlv griides, teachers 
should begin With vei\ basic skills such as asking students to muve iiUo gioups quickiv ami quietlv, speak soDlv share 'he 
'liiiii.',s Ihev nsi- do tlicii |ohs ami lakt,: lirrns As stiuii: its Iicioiih,; nio;e ^.killed in vvni king togctlici , tliev cm ii!actii:<,' more 
Mipiusiiealcti •.kills l yani.v . ol ilu:sc luTiaviois mclinle asking loi help luui giving help, showing ni are interested in vvlial 
I nieis ,i:c saving, talkiii>? abmii se' k'lal solutKnix betoie cli'«.-,ing one, c(itu,i/itig ideas, not people, looking for cvuiencc 
lictou ,,h,iiiging voiii nniut, and asking questions to help undeistaiui anothei's point ol' view I '..-se skills accumulate ovei 
the ve, s Stiuients in high scIukiI, lor example, should have a la ge repertoire of sm ial skills that tliev can use in the class 
loom and m other sellings 
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J.J Authentic Assessment 

All to often science improvement etVoits fix;u,s cm either curriculuni or instruction or bolJi and exclude one of the dri\ ing 
forces for science programs - assessment. The nalional reform ell'ort, howevei , reeogni/cs that assessment is .\ critical 
component of science education reform (AAAS, 1989: NRC, 1994, NCIS}':. 19S9, Pelavin Associates, Inc 1991 l awren/ 
l')91 ) Leaders in education are t: neeined that current standiirdi/ed tests used to assess stiuieril and program outcomes do 
not measure adequately tlie most important outcomes of iin elTective science program, tliose outcomes iliat address higher 
levels of thinking, uniiorstiuidings of major conceptual themes, and the abilitv to appls science understimdmgs arui 
approaches to solv ing real -world problems Hecause nciirly all assessment instruments primarily use multiple choice, true- 
falsi and matching kinds of questions, Uiese instruments most e! .actively measure the lower levels of IMmim's taxonomy 
(knowledge, comprehen.sioii, application) At thie stmie time, science education reform is stressing the importance of de- 
emphasizing factual information 

Cunently, educators are rethinking assessment, "Aullientic assi.'ssment" is the current phrase being used by those in llie 
forefront According to hrances I.awrenz ( 1991 ),, autlieiitic assessment itivoKcs maximizing congnience between the desired 
outcomes of the progjam and the assessment pr(.x;eduri : ; Law ren/ ( 1991 ) suggests tiiat in addition to multiple choice tests, 
authentic assessment prix'cdures include 

• lissciy tests lissay tesis provide information on a student's ability to organi/.c and comjiuiuicate information mid 
provide the opportunity for students to present iiKiivuiual opinions and perspecti\ es. 

• Practical assessment. I'ractica! assessment (sometimes called performance-based testing) pnn ides infonnation on 
how well students cim perform science skills such as using apparatus and measuring inslnimcnls, making observ a- 
lions, and designing experiments 

I'ortfolios. A portfolio is a collection of doemnents, products, artifacts, and work in progress pnxiuced by students 
as part of their learning. An artist's portfolio illustrates the nature of a student portfolio I'.xmninalion and review of 
a student r>ortfolio jirovidcs a rich and diverse source of information about nol only what the student has iearni.'d but 
also about ilie process of learning 

( )hscn'ati(»is and (>}ffvv)pM',s InteiTiews to probe students' understandings allows the teacher to probe decplv irilo 
individual student's understanding of complex science concepts ()bset \ ations of classrcxim acti\'itv provide ini'oi - 
mation about how the students are learning and about how well they work together Holh prcx;euures provide infor- 
mation the teacher may use to make program improvements. 

Dynamic assessment. In ifiis approach, the assessment and teaching are intertwined, as they shou" i he, I'he teacher 
uses a \ !inety of ongoing assessment pr(.*ccdurts to gather feedback from students, iJie teacher uses the infonnation 
legnlarlv to make n^ i-coiirse corrections in instruction Palencstu ;ind Brown (1984) call this reeipnx;al teaching 
I'rujects. I'roiects nducted by students can provide information about a student's ability to design, conduct, and 
communicate results of scientific inquire Teachers can assess the pr^K,l,'ss h\ which the stutient developed the 
pr(xiv.ict as w ell as the qualitv of the final protiuot it.self 

3.4 I'hcmatic Approach 

1 ciichers and de\ i,'lo[iers orgain ■ e elemental v scierce curricula in a \ anetv 1 4 \v av s Most cur: ict i are ot gani/ed 
;H:cordmg to a listing of science lopies. this tv])e of eletneiitar\' science cun ienluni co\crs the major concepts ol' multiple 
.cientitu; disciplines and is sometimes called the enevclopedie approach to science Dunng tlie 1 9()()'s, liowever. the Science 
CiiiMculurn Iniiirovemerit Studv (St 'ISi and I'lementai-v .Sciern Studv (l-'SS) took radical approaches to lestructunrig 
elementary science curricula I'he SCIS piogram oi gmuzed its cun iculuni around a few major themes of science 1!SS 
in gariized I's units around interesting .science phenomena such as molds, structures. mirT(>rs. and Iwcv dimensional and three 
liiiiicnsioiial geonietrv One wav to capture a student's interest is to or ganize the cuniculuni to engage the student in leanimn 
science through doing science 1 he I 'SS progrmn presents science as a human acticitv of exploimg and making sense out of 
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Uic natural world. It is aii example of a tliematic approach to ciimculiirn, in which students mess around with materials or 
organisms, such as a meal worm, and try to construct an understariding of how meal worms interact with the world and how 
they grow and repnxluce 

CO ■S rin'' mtnxluces the participating teachers to a thematic approach as a wav of o. gani/uig science ujuts A thematic 
a[iproach has much promise as a way of organizing science cui riculum and msiniction We propose lluit a thematic apjiroach 
has the following advantages for orgiuii/ing science instruction 

1 It IS interesting and motivating to students 

2 It engages students in learning science through a constnictivist approach 
^ li in\i)h'cs students in studying current and rcle\ ant scientific problems 

4 It establishes a direct link between science and personal and scK-ial issues bv studying locally relev ant tojiics and 
questions, 

s It provides relevance for the science content that the students m c leamii.g 

3.5 Educational Technology 

The CO-S ri;P project intrt)duces teachers to etfcctive uses of educational lechnt)logy for science education Science 
instruction mav be improved not only by refinements in pedagogy, curnculuni, and approaches to learning, but also by 
impro\ ig the technologies that teachers usi to teach and students use to leant During the past decade, educaiional tech- 
nc, '"nv ii.is ch uiged more than anv other facet of instruction, Witli the advent of microprocessors, educators discovered new 
todls for teaching and leanung 

In a recent studv supptTted by International Business Machines t lHM), BSCS uuestigated the ways in winch new 
educational technologies miglit enhance eleinentaiy school science and health (BSCS, 1 ^)89) As part of the IBM studv, 
BSCS made rect)nimendations about educational courseware for elementary schinil science and health BSCS icctimmcnds 
that science teachers select and use courseware jiackages that 1 ) achieve the goals and ub|ectives o! the cuniculum, 2 ) 
iiUegrate with other print and hands-on instnictional materials. engage the students in active leanung, 4i acconiinodate a 
range of reaiisng, uriling, and math skills, and S) accommodate a \i\rx\s of developmental le\els BSCS recomii^ nds that 
elcmentarv science leachers consuler including tlie follow ing uses of educational technologies in then curriculum and instiuc - 

IIOll 

Infnrmati: n rnice.Hsini^ Tools Students can wx the micrt)eoinputer to acquire, priKess, analy/e, otgani/e, explain, 
and report scientific informatu.m. 1 !sing the microcomputer as an information prtKcssing tcK)l is the most powerful 
and prcxiiictive way that students can use the microcomputer The micixKomputer can connect to elecli tmic probes 
to gallier information about scientific phenomena, as with probes to measure temperature, light, motion, pH. pulse 
rate, and sound. Students may use databa,«e, spreadsheet, statistical, and graphing pfograms to organi/e and examine 
patterns and relationships in scientitu: data and system modelers to build graphical and ciuantitative miKiels for 
natural phenomena 

• '' 'ommunicdiian Tools Students mav use word processing, graphing, and drawing progr<ims to report their results, 
interpretations, and explanations of scientific irivesligalioris With more advanced communication tools, science 
students mav publish their work Desktop publishing enables students to pnxiuee high-qualitv publications at a 

1 easonahle cost l elecoinputirn. . the computer connected to an electronic network, enables students to disseminate 
ilu.- results of the work instantly to other stu-lents and scientists around llie world 

• ( 'ounewtin- for Leiimtn^ Science < 'onlcnt. Students mav use the micriKornputer as an instnictional tool Miern. 
computers can present science content tlirtmgh tutorials, simulalu'ns, and games In addition, the mu'.idcomputer 
makes possible a tnie nniltimedia learning environment I he micioeomputer connected to a lasi:r videodisc piavei 
andyor C1)-I-M)M player at the student's recjuest can provide a wide vatietv of \ ideo images (still and motion i, stcicr. 
sound, bilingual nanative, animation, and text 
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• ( 'ourseware for Practicing Science Skills Students may use the computer to practice science and mathematics 
skills (such as measunng, identifying and controlling vanables, and interpreting grafihs) and to drill on science and 
mathematics facts (dt^imal anthmetic, safety rules, and parts of the hiiinan body) 

J. 6 Lx)cali/ed Curriculum Adaptation. 

In C()-S riiP. [jioject staff assist teachers in adapting iheir cuiTicuhirn and iiislniction to then local situation I he 
teachers adapt extant curriculum matenals to prcxiuce instructional units that provide students the opportimitv to in\estigate 
science and technology relev ant to their region of Colorado 

VV'c i^iopose tliat locaii/cd curriculum adaptation has Ihe following adv antages over wliolesale aiinption of commercial 
programs 

• Practicality Schcnd districts are asking teachers to develop curncuhmi aligned with disU"ict and state frameworks 
l eacht-rs find ilie idea of adapting extant cun icula a practical approach to completing this task 

• Interest I.(.)cal adaptation of extant cuiricuhim provides teachers the opptirtunity to personali/e the science curricu- 
lum Thev are able to imxlifv units and individual aclivities to emphasi/e areas of interest \o their students and to 
themselves 

• Rt'levancf The activities are linked to liKal issues I he students can relate to the topics and issues and therefore arc 
more interested in leai. ing 

• Immediacy of application I'he students can apply the science concepts immediatelv to solving pn.iblems wiLhin 
their community 

• Citizenship education Students can appK what thev have learned in then science class by hemg active citi/ens 
The science iiiUs cim include an etfective action com[)onent, where the students implement a group or personal 
action to improve the quality of life in their community lifiectiv e action activities might include presenting a pro- 
posal to the citv council or the schcK)l boiu^d. forming a recycling program for the schcxil. ch;inging personal behav - 
iors, or implemeniing conservation campaigns at home and school 

.5.6.1 Prriccss of adaptation. During the series of academic vcai courses and cuiriculum tilaiining courses pro|ecl stall 
and science msiructors inli'cxiuce the teachers to maior concepts from the field of nhvsical science c e , pliv sics, chemistrv, 
^leologv , iiieteoiologv. ai 1 astiononiv ). life science, and environmental science, current science and technology issues m 
V aiious regions of Colorado, the [irocess of cuiriculuin adaptation, and a wide variety ol' elementary science education materi 
,ils Ihe teachers work in teams, consisting of three to five teachers from the similar grade level Ivacli tetun pnxiuces one 
unit bv adapting activ ities from extant science education pu igiarns to one of the science and technology issues and needs lor 
their region 1 ho teams revise the activii, . to form a imit that iiicorporaies constnictivist-based teaeliing model. c(X'/peiativc 
learning, authentic assessment, and educational technology 

i he teachers pilot test their units during llie following scluxil yeai" 1 )uriiig the pilot test, proiecl stalf conduct a course to 
help the teachers design and conduct a thorough evaluation ofthe units (an acUoii research pn ■u/ci ) Inllow mg the pilot tot, 
[iioieci slaH' encourage the teachers to revise and share their units with fellow teachers 

3.6.2 Sources of activities l iach site uses a vai ietv o! Utcal resources to enhance their content cour ses .■inJ cuniculiim 
pianiiing i.:iHiist.'s Colorado has niariv resources foi science education for exiunpK; the I 'iiilcd States Space nindatiivi has 
!is licadijuarters in Colorado Springs I he Heai Creek Natn.e Center and Heidleman f nvironmental Center in Colorado 
Springs have inaiiv programs and materials (in environmental etiucation ( )thei -iites t.ake field tups to Ihe R(x kv Mountain 
^^itmiiiil I'lirk ami t" nihet stale and national parks Several si:h(x-l districts have esiiiblished (luidoor oiini,ation ccrilers thai 
lie av ailaMc tnt use bv ti :ichers ami snuli-nis participating in the pro|ect 1 .u.h :il the universilv paitiicis foi the pro|ect have 
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collections of (.■Icmernary science cumculuin materials and science reference inatenals Sdnv, of the materials that the 
teachers explore are 

• Science Cumculiim Improvement Study (SC IS) 
I'.lemcntarv Science Study (1-SS) 

' HSC'S Science for I ife md Living 

• 1 ,ife l.ab Science Progriim 

i .awrence 1 (all of Science: The Full ( )ption Science System ( l ( )SS i 
]-.DC Improving Urban l'"lementarv Science A C'ollaburatne Approach 
■ ri-:RC: NCiS Kids Network 

• OiUdcHirs l^iology Instructional Strategies (OHIS) 

• Actn ilies from National Science and Technology Week 

4 .0 The Teacher Development Program 

riach CO-S 1 l'!P site provides a ctmpichensive teacher development program for inser. ice elementars' science teachers 
The teacher development program consists of five iiilerdependent courses provided each \car m a three-year cycle During 
the first semester, llie iinplementation team for each new district team joining the project completes a Strategic Planning 
( 'ourse During the following semester in a Science Content Course, Center stafT provide the teachers with the science back- 
ground necessarv' to design and implement a science ujiit I he science content varies from year to year and from site to site in 
the sequence of piiysical science, life science, and environmental science, I he third course, the Cumculuin Planning CoLirse, 
provides the teachers the opportunity to develop a science unit, to leani the science content and pedagogy for leaching a 
science unit, to plan the iinplementatum of the unit, and to design an action research study In the following semesters, when 
the teacher;' ''nplenient the units, the fourth course, the Action Research Seminar, guides the teachers through the process of 
iinolementing arui c\ alualmg their units The fiHh course, the I.eadc p Seminar, introduces l.he leaeliers to the leadership 
skills they use m tlcsigning and conducling a program for school science inipiovemenl The stall' at each site adapt these 
coiirses m response to local nceiis iuid interests of |Milicipating schools and institution, ^ (college and schools) 
1. 1 Strategic Planning; Course 

l - ach team earns one semester credit in the strategic |ilanriing course during their first tew months t>f involvement of the 
proieel 1 he purpose of the course is tor the teachers I'roin each building So wurk with their f.uilding principal, and district- 
le\ ei atirninistration to prtK.iuce a .strategic plan for science program impicivcment for their building, WTien more llian one 
building from a district is involved in the project these liuilding teams collaborate together to produce a unified approach for 
science improvement for grades ft>ur through six in their district 

(. \:nti.:r stalT, with assistance trom HSC'S stall", begin the eours'.' with <in ov erMcw of the major innovations included in ti; 
I ' M''ci constnictiv ism, C(x)[ierati\e leanung, authentic assessment, thematic ajiiM oach. lo<.:ali/ed curriculum adajnation, am* 
edii. .itional lechnologv Tiic membeis olThe district implementation teams piuticipate in team building activities to helji 
i:iem develop skills for coilaboiative planning I he core ot the t.ouise fiH.-iises on st: ategic planning Much ot then woik 
inv.ilves gathering inforinalion liorn and building consensus among their felK'w teachers and administrators m the district 
( line the paiticipaiits are accjuaiiiteti with the juocess. thev spentl the n-mamdet ol'the course producing their ■.irategic |'lnii 
1 In. end |iUK.)ucl of the ciniise is a stiategic plan f<ii the iin|irovemciit of the school and district science [iiogi am and foi 
inipi()\emenl ot'each teachei s science instniclioii 
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4.2 Science Content Courses 

All teachers who participate ii; the project must complete a scries of three Science C\)ntcnt Courses (phvsical, life, and 
environmental science) for three semester credits each immcdiatelv prior to planning and iniplementm^ science luiits in their 
classrcxims. The courses meet for a total of '15 hours, ailer schix^l for three-hour sessions oi tor (occasional dav lon^: sessions 
ivach session follows a eonstructi vis! -based approach to teaching. 

Approximately one-third of Lhe coui.-:e is large-gioup instruction (reading/'lecture/discussion/educational technologA ) and 
two- thirds or more is labt)ratoi v or field-based acti\ ities ilie science content is selected to pro\ ide the background in 
phvsical science, life science, and enMT/nmental science relevani to teaching science in the upper elementan, grades Man\ 
of the hands-on activities sire troin elcmeiiiarv science programs, including the Science C'uniculuni Impnncment Studv 
(SCIS), the I'lementarv' Science Study (I'.SS), and the new NS1-' elementan,' science projects (e g,, l-OSS, BSCS, InSights) 
■ind high schot)l science programs (e g , Ch:;:mCom, lnieracti\e Modia Science Project, and BSC'S Creen Vcsion) Other 
hands-on activities are aiiapted iVom college laboraton actn ities to reinforce kev science concepts I '.ducational technoU^- 
gies, such as interactive \ideo disks, information processing tools (word prcKcssing, databases, spreadsheets, tmci graphing 
utilities ), and computer coursewiire (simuKilKHis, tutorials, and drill and practice) are an integral part, of the mslnictional 
niatcnals used in the course 

4.3 Curriculum Planning Course 

l '!acti vear following the science content course, the teachers comjilete a four-credit course to plan science units to pilot 

m their schiHils During the Curriculum Planning (.'ourse (60 or more hours of direct instruction ), the teachers preprire to 

leach science units based on the sck iiia- discipline area from tlie Science I'ontent Cour se The ti Mt iicrs acconiphsh the 

t'ollowing tasks during the Curncukun Planning Course 

l earn about instructuMial design, teacning strategics, n id proccshucs to supptnt the impli'nicnta'ion ol educational 
innovations 

Review and e\ aluale extant curriculum materials 

• Construct science units from extant educational materials, based on their in depth stiu.K 
Design assessment pi-ocedures to evaluate student learning 

• 1 )esigrr an action research jiroject to evaluate the elTectiveness of their units 
Develop an action \Am for implementing tlieir' units and action research projects 

4.4 Action Research Seminar 

hach of three years during tlie semester following the I urr iculurn Planning Course, the participants pilut lesi the units 
and instructional strategies ihev developed during the summer Project stalTconduct a course (for iMie semester hour of 
graiiuate credit) to pri>\Kie assistance and support to the leaclieis as the teaclieis irniilcment the new ajijiroaclies lo teaching 
I hc course tvpicallv consists of five three-hour , atler-school meetings, mtersjiei sed throughout the fall semester 

1 he content o! the course fcKuses on implementation and evaluation issues The teachers form action research team.s to 
studv the implementation of the science units and inslniclional strategies In action research, the [uoieet stall guide the 
teachers as the\ establish research ques ions ami hvpolheses, design a research studv, ideritil'v iirocedures for collecting data 
I i|ualitatne and (|Uiintila!p ), gather the data, analv/e the data, and report the results Acenrding to sever al researchers 
( 1 oiicks l lorslev, et :il, l')H7 . I lopkins. I')HS. l iuhng and l.^hnson, I ''H () action research is an ctfcetivc wav to empower 
U-acheis to improse iristmcl;on In addition to action research, pioiecl stall provide results fiom reseaich on imjilemeni :iioii 
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and science education. The teachers also have oppurtunilies to form special-inttrest groups to investigate educational issues 
of particular interest, to share teaching ideas and materials, and to meet in building teams to discuss implementation issues 
Diiring imit implementation, the teachers form peer coaching teams within each building ' ho schiKil district releases 
members of tlie team to obser\'e his or her teammates and to provide peer coactung and coUegial support Information about 
peer coaching is provided during the Cumculum I'lanrung Course and Action Research Seminar l'io|ect stall superMsc the 
peer coaching teams, meeting with each team pencxlicallv throughout the sch(.H)l year 
4.5 Leadership Seminar 

I'ach of three years during the school year, the teachers design and implement projects for science program impro\ emerit 
m liicir schiHils for one semester hour credit, the teachers meet fi\e times during the spring semester to share results from 
their teacher de\clopment programs in addition. Center start" conduct activities to dev elop the leadership skills of the 
teachers Topics studied include peer c aching, stati development, educational change, and adult leaminp f he teachers 
gatlier data from then fellow teachers on the elTectivcness of the schcx)f-based teacher development programs 

I'he teachers, with assistance ifom the Center statV, assume leadership roles m their districts, liach is reeogni/ed in their 
school building as the lead teacher for science at his/her grade level As ptun of the leadership course the teachers collect 
ini'onnation from iheir colleagues and design stratr ".es to improve the science program in their schiH.il and district I hev 
serve on school, district, luid state science cumculum committees A few pailicipants are sen'ing on a state committee in 
dev elop standards for science education The teachers have implemented a variety ol' strategies to promote improvemi-nts in 
their science programs including organi/mg and conducing inservice workshops tor colleagues, establishing science re- 
st mrcc centers in their sch(H)ls, successfully seeking grant support to I'urchase science mat! ' i;ils, organizing schixil and 
dislfict icience fairs, oiga.ni/ing a whole-sch(H)l dav on science, and particiiiating in natioi il implementation projects, giving 
presentations at professional ineeliiigs 

5.(1 Kvaluation Plan 

HSCS designed an (.-valuation plan to as .ess success at attaining the i^roject objectives stated in section 1 1 We fonnu- 
lated our evaluation plan according to the mixlel provided in the ( ser-l-'nciuilv llandkook for Pmjeci Evaluation (Stevens, 
et .il, 1 9')'^) We de\ eloped questions ' i guide the evaluation and ideniified the data ci.illeciion approach, respondents, and 
schedule of data coilectinn Table 1 provides the framework for the evaluation plan 

We u .e a variets of prtKcdures to collect the data for the evaluation nf the projecl WV: adniimsier a (lueslionnaire lo 
ti'acher s at the beginning of their involverneni in the progiani and once a \e;ii ihei eatk i \\c also Ciiliecl data through 
;!ilifacts, observations, and interviews The following seelions describe the data colleclion pnn.',eduies m detail 
5,1 Teacher Questionnaire 

We d(;veloped a self-report ijuestionnaire bv combining project-develojied iiistnirneiits arid e.vternallv-developed instrii- 
inents The teacher iiuestionnairc includes a biograpliical data form, a checkhst on mnov aiions in science teaching, tlie 
> icit( r I fiirhiin: /•//"''( I Hclii'/s ln.\tntmf'U ( S ITIM ! and the .SA/ycv nl ( 'iin<i'r>i { hicslumtuun' ( S( ) 
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Table 1: Evaluation Design 


Question 1: How have teachers Improved in their use of innovative approaches to teaching science? 


a How much time do they spend teaching science? 

b Kow much time do they allocate to different modes of science teaching? 

c Do they value innovative approaches to science teaching? 

d Do they emphasize innovative approaches to science teaching? 

e Are they willing to Incorporate Innovative approaches Into their science teaching? 

f How prepared are they to Incorporate innovative approaches into their science 

teaching? 

g. How prepared are they to teach other teachers to use innovative appro., nes in 
their science teaching? 

h To what e)rtent do they incorporate innovative approaches into their science 
teaching 


- teacher ques- 
tionnaires 

• unit plans 

• portfolios 

- teaching logs 

- reflective 
journals 

- classroom 
observations 

- interviews 


Teachers 


- yearly 

- before and 
after teaching 

unit 

- during teach- 
ing of unit 


Question 2; How have teachers changed In their tMliefthat they can teach science well? 


a How have teachers changed in their personal efficacy for science teaching? 
b How h ive teachers changed in their outcome expectancy for science teaching? 


Teacher ques- 
tionnaire: Sci- 
ence Teaching 
Efficacy Belief 
Instrument 


Teachers 


yearly 


Question 3; How have teachers changed in their concerns about teaching science? 


How have teachers changed in thf ' oncerns about teaching science'' 


Teacher ques- 
tionnaire: 
Stages of 
Concern 
Questionnaire 


Teachers 


yearly 


Question 4: Has the project successfully established six regional teacher development centers? 


a Have six centers offered the specified teacher devslopment program? 

b Has the specified number cf teachers completed each year of the program'' 

c Do the centers have plans to become self-sustaining? 


Canter staff 
Teachers 


Quarter re- 
ports 

Site visits 
Interviews 

Questionnaires 
Site visiiis 
Interviews 


quarterly 

semiannually 

annually 
semiannually 


Question 8: Have teachers become Itaders for science program improvement? 


a What have teachers done to Improve the science prc-jram in their school? 
c What h.ive teachers done to improve the science program in their distrlcf 
c What have teachers done to improve the science program in the sf-i'e'' 


Tftachers 


Portfolios 

Journals 

Interviews 


Throughout 
school year 




Center staff 


Quarter re 
ports 

Interviews and 
site visits 


Quarterly 
Semiannually 
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5.1.1 Biographical data form. At the beginning of their participation, the teachers complete a biographical data form 
The biographical data includes job assignment, grade levell s), educational background, teachmy experience, age, sex, ethnic 
origin, and availabilit)' of chapter one ftinds 

5.1.2 Innovations in science teaching. Teachers complete an innovation checklist i>n the numlier dt iiiinutes in a week 
devoted to science instruction, the time spent preparing for science class, and the relatne tirne spent on \ arious instructional 
modes hands-on, diseoverv-ba.sed, teacher demonstrations, student woiksheels, reading textbcH)k, using other iextbov)ks 

l !ach pailicipant completes a questionnaire on their perceptions of their inv'c)lvement with the innov ations m science teaching 
thiil are the fowiis of the project constnictivism, ccxiperative learning, major concc'iitual themes, assessment, educational 
technologv, nature of science and Ireduced] emphasis on science f icts The questionnair ■ asks teachers to indicate their 
mvoK ement m the iniio\'ations by responding to i juestions such as: I low \'aluable is each of the following in clenientar\ 
school cience instraction ' 1 low much empha.sis do vou place on each of the following'' I knv willing are voii to incorporate 
each of the following into your teaching ' i low well pn epared are vou to incorporate each of tiie following into voi.ir leaching ' 
} low well prepared are you to teach other teachers how to use the following in their teaching ' 

5. 1.3 Science Teaching Efficacy Beliefs Instrument feachers complete the STIBI at the beginiung of tiie project and 
vcai K- thereaAer Riggs and linochs (1990) developed the S I HHI as a self-reporting instniment to assess elementary teach- 
ers' ctricacy toward .science teaching I'he S l IvB! is based on Handura's (1977) resefu-ch on beliefs and self-elTicacv 
Handura suggests that individuals de\'elop a generalized expectanc;, concerning cause-elfect relationships Siased upon 
personal life experiences. I'hey also de\'elop a set of beliei's conceming their owi ability to eope with piirtieular situations 

i caeliei ; ellkacv beliefs are dependent upon the specilic teaching situation Ashinn, Webt\ and Doda ( 1 98.'? ) found that 
teachers rnav ha\ e higher teacher etlicacv with some students tlian with (ithers I'he S TI T M is composed of two sulisealcs 
I 1 ) personal science teaching etficacy beliefs and (2 ; ■<eu r.ce teaching outcome expectancy Subscale one relates to teachers' 
belief that they can teach science etfectively, and subscale tw(^ .'■elates to teachers belief that students can learn science 
successfully .Subscale one has .an alpha reliability i-iX-n'tcierit of 92. and subscale has an alpha reliabihtv ciK'fficient of 

77 All Item to total conclations for tfie two subcales \\ere higher than 5,3 and respeclivelv 

5.1.4 Stages of Concern Questionnaire We use the Stages nf Concern Questionnaire ( SoCQ) to dcKunient tiie 
pr^icess of change of the participants The Sot!y (1 lall. Oeorge. and Rutherford. 1 979) w as tle\'eloped at the Univ ersitv of 

1 exas R&l) Center as part of the Concerns Based Adoption Model to inca'-ure how teachers peieene an irino\'ation and how 
th<;y feel about it fhese perce(itions range frtmi early concerns about how the innovation w ill aflect oneself to concerns tor 
the tasks required to implement the innovaticm. the imj^act the innovation will ha\e on suidents. and the wavs the innovatinn 
might be improved In in-depih studies to establish the validitv ol the So(,.'(^, 1 lall. ( ieorge, and Rutherford ( 1 979) found that 
the SoCy accurately ineasiues the Stages of (.'oneem about the Innovation According to 1 lall. Oeorge. and Rutherfc^rd 
( I ''79, p 10), the SoC Questionnaire appears to do an e\en better job tlian other measures and cluneal ludgments In 
testing the leliabilitv, I lall < ieorge. and Rutherford ( l')7')) olitained alplia ciKliicients o|' mtenial relialnlitv lor .sev en 
subseales ranging tiom 01 to S'' and lest retest correlations for the seven subseales larigmg trom 'i ''' to So !',irl!<,ipants 
VI niiiiieted the So( (,) ]itioi to participation .md at the etui of each veai \\ evcle We designed C( )-S Ihl' to re. luce initial high 
:n|oiiti;iti(>rial, pi-rsi^nal. ami nianagiTiieri! eorieenis that elementarv U-aeher^ have about imiilementing hands on. rninds on 
^cictK e p'rogiairis As teachers begin to iiieorpoiate innovative appioaehes to seieiice leaching into their selnxil piogiani. wi.' 
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expect management concerns to increase, tbllowed by and increase in cunscqucnce, collaboratKin, and rcliK'usmg conci. ms 
as the teacher becomes a successful user 

5.1.S Qualitative data. We collect a vaiiety of qualitative data to assess change in leaching practice We collect 
artifacts from center stall including implementation plans, course svTiabi, and quarterly and annual reports Center stall" 
collect and summanze the following artifacts from teachers unit plans, teaching logs, rcllectivc journals, class assignments, 
action research re[)ons, and portfolios of tlie implementation of their unit. Project siall review and synthesi/e information 
from a sample of these artifacts to assess the nature of the teacher development [irogiam and the changes in teacher knowl- 
edge and practice 

We also collect infomation thj'ough obsei"vations and inter\ ic\\s HSCS stalV\isit each site at least twice a vear io 
prov ide support and assess progress During ihe site visits, BSCS stall" observe sessions of the teacher development pro- 
gram, observe clas.srixim teaching, interv iew [uoject stall", and interview participants (indu'idually and in fcKus groups) We 
collect information about the nature of the teacher de\ elopment program and about changes in teaching practice We solicit 
input on secondaiv eil'ects of the project such as teachers establishing a science resourcr center in their building Center slalT 
:ilso collect infonnation through classrcxim obser\ ation and inter\iews of teachers and summan/e that infonnation lor HSl.'S 
stall 

6.0 Rc!iUltH 

Wc first analv/ed liie ev aluation data for the whole group and then for each separate site Table 2 presents the biograph- 
ical data lor the teadiers broken down bv site and for the all participants from all sites combined Tabic "l presents the 
perccniiiges of responses for each site ;iik1 coiiibined sites for llie checklist of mnov ations in science teaching I he asterisks 
h\ Items indicate that there was a significant chiuige ( 05 level ) for that item when comparing the pre ami posttesi for the first 
cohort of piirlicipants for combined sites Tvvo ot the sites (Colorado Springs an ' I'uelilo) were excluiled from the anaKsis. 
liecause thev do not ha\e pretest data We -sed a dill'erent assessment tonn for (\ilorado Springs and Pueblo during the non- 
funded, pilot phase of the project We ;inalv/ed the seconii cohort of participants separately because thev received a some 
wliat ditlerent treatment than the first cohort, the second cohort started during the second vein- of the project We found few 
dilTeiences, however, between the analysis of the data for the first anil second cohorts 



WTien anaiy/ing the pre/post 


















compansoi' for the S lTiH! data 
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test 


N 


df 


Mean 


SD 


t-value 


2-tail siQ 


ciiTTibineil for the four sites that 


Outcome 


pre 


82 


148 


42 82 


11 72 


2 36 


.019 


had complete liata, we found a 


Expectancy 


post 


68 




38 56 


10,01 
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1 hi; profili: ol the SnC'(,) 

(sec tiguii: 3) t'oHovv the e\- 

pccled pattern of a decrease 

in initial high iiitbrmationul 

and pcisonal ctjnccnis iind a 

beginning increase in cunsc- 

((ucncc, coilabiiratuiri, and 

rcfiicusing concerns, which 

indicates that teachers are 

undergt)ing the typical pro- 

cess ol' change - ! iall and 

Hold, 198:') 

The following sections 

luf^irt'j So(\) proJlU- fi>r lii'l sUk's 

describe the results of the 

e\ aluation at each site at the midpoint of the five vear project We report the results m the si juencc that the sites entered the 
t'(.)-S ri;P project Colorado Springs and Pueblo (l-all l')9I ), l-ort Collins and (Irand Junction (1 all 1992) and Mesa Couiitv 
and (Ireelcy (Sjiring 199"?) 

6.1 The Colorado Collc$;e in ( (ilorado Sprinj^s (started in 1991) 

The Colorado College Cenlei cuncnth has participants from si\ uilferent scliool districts Itvated m tlie Colorado 
Springs area, I'he school disliicls include 1 ) Aca»ieniy School l)-20 with four schools and a district population of o.OS,' 
elemental ' students. 2 ) Coloiado Sjirings School Dislri^ '-11 u itli f(n.ir schools and a district population ol' Id, 049 elemen- 
taiA' students ) The CoUirado Springs Schtxil. an independent schcxil. with an clementan student population ol 
approximately IdO students, 4) l ountain-l'ort Carstni School District with three scluxils and a district ])opiilation of 2,4.54 
elenientarv students. 5 ) 1 iarrison School District with one school and a district j-^opulatiim of 5,SX6 elementarv stiuients, and 
fi) Woodland Park School District w ith one sclnxil and a tiislnet elementary seluxil population of 1 ,264 students The 
Colorado College Center has the mt)si di\ersily of grade levels represented in its group with Id percent being middle-level 
teachers. M ]H;rccnt being [niniaiy level teachers, and the remainder from grades 4-6 Of the teachers. 84 percent are m self- 
contained elassrtH)ms. .'?6 percent have masters degrees: 2'^" percent ha\ c 10 or fewer scmesi. i rcdils m science. S2 peicent 
bas e less than 10 vears of teaching experience, and 87 percent are Caucasian 

6.1.1 Partncmhipji and cost sharirtj; The Colorado C(iliege (Ct") is the prii!iai\ subcontra tor lor the Cohnado 
Spiings (.'C)-S ri'P Center Colorado College's cost sharing conlnbution totals S18.nO!) >:iO lor the first three vi. .is ol tlie 
pidiecl In addition, Colorado College v^as one 4 four C( )-S 1 l ',P centers that applied I'oi and leceucd a teaelier enhance' 
ment gram Ironi the l !n\ ironmciital P'rolei tion AgericN to [iroeuie supplemental support for the enMror.menlal st:uTK:e 
program thiring l')'M-')S | he Colorado College reeeivetl 'f>'?,'^0() oo from b'PA 

6.1.2 Teacher development program Coloratlo College and hSCS collaboraled in the fall of I O'i] |ii ,ot to NSI' 
l:inilmg, to iniliaie a pilot ( '( )-S 1 bP program m Colorado Sjtrings We leeruiled I H au-a clemeniar- icai hers lor an imial 
planning and orientation meeting Pourteen tearihers, comprising hve sch(xil based lca"ris began the project in No\'eniber of 
lltat \eai ; he coiiise otVciings of the luloi [ihasc inelinled Str 'egic Plan; g Seminar ( I > coni;ii t liouis), Plivsn:al Science 
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Content Course (4,S contact hours), a Summer Cumculprn Planning Institute (61) contact hours), an Iniplcnientation anti 
Action Rescaich Seminar { 1 5 contact hours), and a Leadership Seminar ( 1 5 contact hours i During the second and third 
years of the program, the staff of the Colorado Springs Center adjusted the schedule of CI )-S l l-.l' meetings to adapt to the 
calendar for The Colorado College's graduate program, which includes a si\-\veek summer program The C( ) ST! ;P [iro- 
gram al CC redistributed the total number of contact hours bv mcroasing the number of contact hours during thi summer and 
by spreading the remaining contact hours evenly over the school year The schedule adiustment has worked well for the 
center stall" and participants, because there is suflicient contact in seminars and classroom \ isits during the schinil sear to 
maintain participant interest and commitment to the program 

The fust cohort of participants vvere engaged in a strategic phmning course during the fall of 1 1 I hev com[)leted the 
phy sical science course durmg the spring of 199?, The physical science ctiursc focused on physical svstcms, energy and 
energy transfer, and chemistry I'he latter was based oy\ the C! program from the 1 awrencc 1 lall of Science, but with 
nKKiificalioiis to moilel an active, constnictivist approach to teaching. BSCS received NSl' funding during the spring ol' 
1992. and Colorado College became the fu st oilicia! regional center for C()-S !TT' Center stafT, with support from BSCS 
Stat!", held the fu st Curriculum I'lannmg Institute at CC.! duimg the summer of 1992 During the summer institute, partici- 
pants continued their in\ estigation of Ihe ph\ sical sciences (force, motuin, energy-' all adapted from Ihe Intermediate Science 
t'uiiiculuin Study) and wcirked in teams to adapt a physical science unit for use with their students in llie fall 

The tirst cohon of panictpants taught their units during the fall of 1 992 and tix)k part in action research and leadership 
semuuus (."olorado College ("O-STIT' slalTniade several classrtKim visits to obsen.e the luiUs being taught and to assist the 
participants in evaluating tlie etfecti\eness ol'lhe unit Participants found tlwit tliev were teaching more hands-on activities 
than before C( )-STlT', but that the units weie too long, covcicd to many coiicepts, and often \sere not coiistnic!i\ ist in nature 
i )uring the past two \ ears, these participants ha\ e retiuced the number of concepts 'ncluvled in their units and hav e made 
stgnificant pi'^aress m using consinictivist teaching 

During the summer ■ i 199!?, the Center stall' conducted a second science coiuent course ( as part of the first six- w eek 
suinnicr institute) fiKusing on life, environmental, anti geological sciences Biology and ( icology faculty fn n CC co-taught 
the content course with the Center director, wTio is a prol'essor of education .^l this tune, a second coht)rt of participsmts 
ioiried the fust resulting in a total ~S2 participants for 1 993 As part ol'the summer institute, participants also completed 
the requirements for the cu.mculum phinmng course, working in teams t;- ada[n a life, environmental, or gct)logical scien , >: 
unit for use with their classes in the fall Colorado College sdul alsn pri idetl instruction iii pedagogy ami assisted partici- 
panis 111 designing assessment procedures for their units 

I )uring the t'all of 1 99!, the Center director conducted an inteiisi\e recruuincnt of new C()-S 1T:1' p.iiticifiants. which 
icsullcd in 21 new C()-ST1T' participants ioiniug the program m December A strategic planning seminar was held during 
the spring semester of 1994 for the vjw participanls while the oilier group ot experienced C( )-S i IT' [lartieipanis continued 
In \vt»rk on tioii research, iissessaient. ami leadership Participants engaged in activities to develop perl'oitiiance asses:.- 
nienl tasks and devcic'pod rubrics for assessing student per t'orniaiKC ot' those tasks I hev i ciinparcd then lulnies with, ifiose 
ot other participants ami with those of the original developer of the perlonnance task with excellent i-esiilts I'articipants also 
rsammed ami discussed the inijilK ations («t the \ai lous national ami slate ii.:cniihneiu!atioiis ai. I standards tor science eiiuca 
lion 
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1 during 1 3 .Iiiiic througl-i 22 July in the suniiner of 1 994, \hc Colorado College conducted the l ! ii\ iroiimemal Science 
Coiu's*; and the Cumculum Planning Course The summer program included, ( 1 ) a one-das field siudv on ecolog\' near 
Florissant, Colorado, (2) a three-day trip to study the Arkansas Watershed (iJie mam source of w ater tor the coiiiinunitv of 
Colorado Springs), (3) three weeks of on-campus work during which partieipants worked in the cheinistn' laboratories with 
CC science faculty on water-related chemistry, reviewed environmental education resources, and developed their unit plans 
on environmental science, (.4) a one-week session at the Baca Center of Colorado College (kx;ated in the San I.ouis Vallev) 
•v\here thev contined to work on eci.logical field studies with CC faculty, and (5) a final v\eek on campus refining their unit 
plans and sharing them with their colleagues Center stalTheld regular seminars during the fall of 1 994 and spring of 1 9')5 
on action research, constnictivist teaching, assessment, and leadership 

6.1.3 Qualitative information As of fall 1994, based upon notes from classriHirn v isits, rev iews of participants' 
loiirnals, and statV reflections after seni:nars iind institutes, tlie participants have made and continue to make excellent prog- 
ress i'articipiints report that their students respond v^ell \o the hands-on and rninds-on app'roach thev are using Manv 
participants are serving on building and district level science conimitlees and report that thev otlen assist fellow teachers 
regarding elemental^ science curriculum and instruction 

6.1.4 Quantitative 
tluta. We found significant 
increases ( 05 level) in the 
number of minutes teachers 
spent per \v< ek teaching sci- 
ence in teactiers' pereejitKiii 
that thev eniiihasi/e ( 1 i ina- 
lor conceptual themes and 

, vxiuealiona! technologv ui 
their teaching, in teachers' 
uilluigness to incorporate 
ediieational technology m 
their teaching, in teachers 
pi.-rception that thev are well 




I'lyure 4 StK '{> pro/iU' for ( 'oliirtuld Sprniys 
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I repared to meoiporati; constnictivism into i.'ieir teaching, and m teacher''' peiception th;it thev are v>.e!l prepared to leach 
dthei teachers to use [ 1 ) eonstpjctivisni. (2) major conceptual themes, ( \) and educational leclinologv in their teaching 
I here were no significant changes in either subscale for the S TllHI Ihe SoC(,^ results in figure 4 for Cioloiado Springs 
lepresent onlv the post and postpost data for the first cohort ol' ptuticipiUUs, Ix'cause these piutieiparits did not complete the 
Si pi loi to the pilot phase ol' the project I he results, however, follow the anticipated pattern oi teacliers making prog 
u;ss in the puK.ess ot change I he management, consequence, collahoiation. and lefiKusing eoni.'erns all increascil 

6.1.5 Plans for auataining the pnixram During the fall of 199:V the Coloiado College CO-S'lMl' Director submitted 
I pi(i|!osal to NSf til in.siitiitionali/c C( )-Sri',l' in a ne v graduate I'logiani Mastei in Aits in 1 eai;hiiig (MA 1) in integrated 
niiuii;il sciences 1 lie proposed |nogiiim would allow cuneiit (.'( ) S l id' pailie!]iaiits the option of ap]ilviiig lor the degree 
iiiui n ;ing their C( )-S'l hi' course work and aiiivilies as credits toward the degree I he MA I' degree projiosal was approved 
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unanirTi')usly by ihc college faculty at Us December, 1 99,1 meeting Colorado College recened the grant I'rorn NSl' Teacher 
[■'.nhancement to work with Colorado College laculty to refine the work they began with the C'()-S l iT' program and to extend 
It to another level (middle schcxil science teachers) Willi the adoption of ihe MAT program and the grow ing interest and 
suppoil of the college science faculty for CO-S ITT' at Colorado College the continuation ot ifie goals and ob|octi\ es of the 
C()-ST1T' program is assured 

6.2 Lniversity of Southern Colorado in Pueblo (started in 1991) 

There are 2l participants in the C()-ST1T' program at the Pueblo Center The participants are from I)-6li (schools m 
the City of I'uehlo) and I)-7() (schools witJun Pueblo County excluding those in the Citv of Puenio) Pueblo D-dO \\ ih 22. 
elementm schixils that ser\e S,K25 students has 1 1 |iarticinaiits, and I'uehlo County '0-li) with se\ en elementary schools 
tlial serve 2,(V5() students has ten paHieipants I he si/e o .e student populatKins for tlic schools across both districts ranges 
I'rom X5 tu 6.1(1 Of the piulicipants, 60 percent are in grades 4-8, S5 percent teach in self-contained classrcxims. 55 percent 
ha\ e a masters degree, 90 p>ercent ha\ e more th in 10 semester hours in science. 65 jiercent ha\'e 1(^ or more yc .irs of teach- 
ing experience. 15 percent are 1 Iispanu: and the remainder Caucasian, and 65 percent indicated their schixil qualifies for 
Chapter One f unds, 

6,2.1 Partnerships and cost sharing The I 'nnersity of Southern Colorado (l,!St ) is tfie prmian subcontractor for the 
Pueblo C(.')-ST"HP Center The \ fnivcrsity"s contribution for the Pueblo CO-S flT' Center is $5,915 00 for the first three 
\ears of the project. In addition, lISC was one ot'four C(.)-S I HP centers tJiat in 1994 applied for and recei\ ed an IT'A 
1 Environmental hducation (iraiit ( USC recened $7,500 00) to supplement the instructional program for environmental 
science during the 1 994 -95 school Ihe I'uelilo C"(1-S1T!P l,"etiler is a eollalioralne project between the \ Jnnersitv o! 
.Sniii.heni Colorado, Pueblo , )-(i(>, and Pueblo Countv l)-7() D-OO and D-70 will contribute $108,264 in cost slianng o\er 
the tirst three vears of the proiect Total cost shiinng contributions amount to $ 1 2 1 ,6H 1 

The Pueblo Cienter took the lead in collaborating w ith Adams Stale College ( ASC) to establish a Master of Arts degree 
111 ITcrnentarv blducation with an emphasis in science teaching The I 'nivei sity iif Southern (."olorado is profuhited by state 
law from otVering graduate degrees m education, but did encourag anv' support tlie establishment of the degiec program 
through AS(,' 1 he C'( )~S T1T' courses initially were otfered as independent stud\ credits though the college of natural sci - 
(,'nces at I 'SC. but once ASC established its program the teachers were able to transfer the credits I'rom I ISC to ASC To 
complete the requirements for the master s degiee, participants received credit for several ot the C'O-S IT',!' cc)uises, in 
addition, lliev completed 10 hours of core courses from the ASC program, completed a wniten eomprchensi\'e exam (\vith 
iw(! iiuestinns on science education prepfircd bv CO-S I TP slutf' and completed a field research studv (Tiased on iiction 
research on one of their units) 

6.2.2 Teacher development pntgram. I 'SC and HSCS collahoi ated in the tall oi' 1 9i)| \o initiate a ; ilot C( > S 1 1 !' 
program in Pueblo During the lall of l')91 , I S area eleiiieiitars teachers participated m an initial planning and orr ilation 
meeti.ig Touileen teachers coriiinisuig fue selnHil-based teams h':\-Hn the pro|cct in November ul'tlial \eai 1 he instructors 
!i'i the pilot phase duiing llie tirst vcii weie HS( S statf tnernlieis, the center director from Colorado College, and Curriculum 
Speciali.sts from 1 1-60 and D-7(,' 1 lie fust vcar's cinusc otferings included Strategic Planning ( 1 .5 contact hoursi, Phvsical 
Scieiii^e Coiiteiit Coiiisc (4s KniLict liouis). ,i Siuniuei Cuiiiculiim ITanmsig Institute (60 corilact lioui ,i, an Iiiipleinentatioii 
and Aclinn Research Seminar ( 1 "> contact houis), am! a PiMdership Seminar ( 1 5 contact lioiirsi 
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6.2.3 Qualitative information. The participants' response to the physical science course that we otTercd dunng the 
first year was very positive The teachers indicated in their joiimals that as thev became more famihar with the physical 
science concepts, their comfort level increased. The field trips to the Comanche Power Plant (energy transfer), the Oaiden of 
the (lods (Cieological historv' of the Pikes Peak region), and the OUmpic framing Center (sports physics) were quite success- 
ful Many of the teachers lelt uncomfortable initially during the first year's leadership seminar, they indicated in their jour- 
nals that thev did not like llie idcr of bemg an instructor for an '"inservice workshop" with colleagues. I he staff recogni/.ed 
the problem and worked with the teachers to develop an op^-rationai definition for leadership tiiat included a broader \iew of 
what lead teaches do, including both formal and informal leadership tasks At the conclusion of the leadership seminar, most 
of the teachers felt comfortable with the lei' iership role that they were assuming in iheir indn idual schools Some felt 
cornlortablc enough that thev served on iheir district's K-12 Science Committee One of the participants stated, "1 know I 
don't know evervtliing there is to know in science but. 1 know what gixxl science inslmction for elomentaiT students kxiks 
like and some of the other members of the Science Committee don 't" By theic third year, most of the participants indicated 
that they felt coml'ortable enough to conduct science staff de\clopment activities u ithin their building, and several had made 
presentations at district, state, and regional science conferences 

One of the particip^ints in the Pueblo CO-S'I'I:P program was nominated and recened the Presidential Award for flxcel- 
Icnce m Teaehing l:lementar>' Science and Mathematics Another, was nominated for and received the Colorado As,s<x;iation 
of Science I'eachers' lileinentan' Science Teacher of the Year .-Xw aid '! s teacher indicated in her CO-S Tf'.l' journal, 
during the first vear, that she |oined the program because she felt uncomfortable with her science teaching and wanted to 
csplore some new apjiroaches She also was disappointed that she could not find any other teachers in her bu'lding that first 
vear to loin her in CO-S TliP (baildi g teams were ret|uired to join the pro)ect, but Pueblo stalf made an exception for her the 
first \ ear) liv the second \ear, two additional teachers from her building joined CO-STPIP. bv year thiee, the building stalT 
decided to use hands-on and mmds-on science as their instructional theme for the year In a recent visit to the schonl, we 
were told that e\ ery teacher in the building is teaching hands-on science this year and the halls of the building were dec^M aied 
with student murals, each reflecting llie science imits thev were studying in their classes 

( )ne of the Pueblo teams was instrumental in designing and equipping a science laboratorv m its building fhe team 
ihen designed and )mpleinented a staff development program to assist their colleagues in etfectively usiiijj the facility to teach 
iiiquirs science. Later, this team decided to dc\ elo[ i a portion of their schcxil site for use as an oiitdcxir science area Work- 
ing with colleagues and students, thev c ilacled parents and business people to raise the funds needed to de\'elop the sch\xil 
site 

Dunng ' ine ot the classrcKini visits by BSCS and Pueblo C( >-S l l! P stalf, the obsen-ei s commented on the uitegi aled 
afiproach the teacher was using to the science unit she was teaching (marine eeologv) I'hete were paper fish, algae, and 
otliei rnarine organisms hanging I'rom the ceiling, student stories about marine organisms, and several . \ estigatioiis m 
pingicss 1 he teacliei ciedi'.s her C( >■ S 1 1;P clas.svrs. because before she loined the ]iid|eet her science classes had been oiilv 
l eading fiom the text and answering the iiuestions al the end of the chapters When the stiitf asked whv or wh;it in C( )-S 1 1 P 
made her change she replied that doing science in (.'( )-S 1 P.P made me reali/e that science is fun and impoHant ;md a gieat 
A a\ 10 leain ' 

I he Puelilo ('( )-S 1 VV paiticipanls mitialK were rtliictaiii lo tiv the aciuni ri:seaicli portion of the COS If.P program 
I he reciuiremenl for the Action Research Seminar was to ideiilifv a question to uuestigate that related in some wav to iheii 
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science unit, which thi's adapted I'roni cxttint materials Sesera! teachers stated that thev didn't know svnat to Knik for .ir how 
they could find an.swt.s to their questions and wanted the I'uehlo C()-S !'I'!' siatTto tell them uhat to ■research" Willi stall' 
guidance, the teachers worked through the first year ot" their action research with som<; I'nistralion and liniiteii success \\\ the 
beginning of the second year they had a much clearer understanding of action research, and at tlic end ol'the action research 
seminar '.'.ir the second year, the reports of findings were i..)\cellenl 1 he raiticipimts were pleased wuh their research and 
many indicated Uiat for the first time lhe\ really knesv what their students learned One participant stated that she now knew 
what her student.s learned and uhat the\ didn t learn and had some ideas on what changes she could make to improse then 
leanung ( )n one recent classroom Msit, participants indicated that the\ hoped that the Pueblo CO-ST! '.1' group can continue 
to meet and share as they h;i\'e been doing I'or the past three years, because thes would like to continue to grow 

The Pueblo CO-STMP statf and some of the pailicipanls iire working w ith the educational curator at the I'ueblo /.oo to 
put together ccxiperatnc learning activities for use bs elenicntan teachers The activities in\olve organizing a field trip to 
the /.oo that encourages students to be actne i illier thsui pussi\e learners 1 hey also worked with the stalT of the local nature 
center, a rai'tor recos er} center, and members of the Department of Natural Resources stalT members to adapt and des elop 
ciinstnictiN ist-based activities for their schixil programs These are just two of sev eral such projects in svhich the Pueblo 
(.'O-S ri !P statf and participants have become in\ oK ed w uhm the community 

Nine of the pmlicijiants are comjileting the requirements I'or the masters degree program through ASC i 'ach was able 
to use the knowledge and experience they had with action research to develop and conduct tlieir field studv I'lie four field 
studies submitted thus far received high inaiks and Sc'list'actonly met the requirements of A.SC." I'he findings support that llie 
kind of science being tiuight bs CO-S I TP participants results in significant impunements m student uiiderslandings and 
attitudes toward scienci' 

6.2.4 Quantitatix' data. Because the Pueblo Center started in the pilot phase ot'the proieci and we did not collect 
the same infonnation for their pretest, we do not have viata to compare their pretest and posttests We ha\e not received the 
questionnaires t'rorn the Pueblo Center for their posttest, therefore, we have no quantitative comparisons to share at this time 

6.2.5 Plans for sustaining the program I'he Pueblo CO-S 1T!P stall plan to continue wiih CO' STI'P once NSl- 
suppiift cutis bv foKiing the program into their district stall' development program Thev iire working with \ 'SC statVmem- 
beis to olfer scierK^.' courses for elernentaj-y teachers that will align witli district, state, imd national guidelines I'he Center 
siatV indicate that tliev jilari to continue to work with Adams Stai.: College to provide opportunities for elemcnlarv teachers in 
1 ')-(■!() and 70 to enroll in the the new m.isteis degree program 1 lies' recentls sent out an imnouncement to the scIuk»! dis- 
tricts in the region inviting elementars' teachers tc) take part in their science stall development jirogram 
ft. 3 ( olorado State University in Fort Collins (started in 1<)<)2) 

1 he C( )-S I'l 'P Center in f ort Collins began during the suinnier ol' 1')').''., and sei\es M participants t'lom the Poiulie R- 1 
-■chiKi! distiict in tioitheasteiTi ( olorado Poudre R- 1 has 2'' elenientarv scIkhiIs serving the citv of I'oit Collins and the rural 
areas in Larimer Counts I he CO S I PP Center serses 1 5 schools ( 1 2.,SS 1 students) Individual sclunil po]nilalions range 
I'ldm f lo h 12 shidcnis Ol'the [lanie.iparits, (iK [u-iceni are from gr.uies •l ('> S4 peicent are Irom self-contained classrcH'iiis, 

•o peuent have a inasteis degiee. Id ]ieii.ent have ten i^iedil lioms or less in science, HI percent isi less than i n sears I'l 
teaching exporieru'e percent are C.iiicasian, and pen eni indicate that thru scIkhO qiiiilil'ies tor Cluipler ( Ui" IuthIs 

I hc Center has seised ^2 teachers each vear, si\ tiasc dii'pped out during that lirni- but were rcjilaced bv otheis I he six 
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participants who let\ the prcigr tini did so because iJiey chaiijicd teaching assignment, min ed i)Ut of the district, or had !aniil\ 
or health problems 

6.J.1 Partnerships and cost sharing The Center stall arc cmpkned by the Colorado Seicnco. Mathematics and 
l eehnolop' F.ducation Center (CSMA Fl-;) at Colorado State I 'niversity During 19'J.^94. the I iniversiiv provided 
$! 1 ,928 00 in support of the C(.)-STr:i' project, i'oudrc R-I provided $8,000 00 m cost sharing through teacher lelea.se time, 
consultant support, and niatenals support for the teacher-adapted units. During 1994-95, the 1 ort Collins Center participated 
uith the CO-S li;!' C enters in Colorado Springs, Pueblo, and Cteeley in a grant for teacher enhancement liom the I'lnviron- 
tncnta! Protection Agencv The Centers are using the i;PA fua, s (a total of $25,000 for all four Centers with $5,000 of that 
for CSMA'l I '.) as support for the environmental science portion of their teacher development programs l otal ost sharing 
for Uie 1994-9,5 school year is $24,928 

6.3.2 Tcaclier development activities ihe Center at CSl I followed the genci al C( )-S rp:P model for teacher develop- 
ment, with the exception that they scheduled most of the actn ities during the summer at the request of the participants 
Center stalV reported that they conducted classnxim Msits ti^ suppon the implementation of the teacher-adapted umts. devel- 
oped the syllabi for the lin\'ironrnental Science C'ourse and C!iirriculum Planning Course, administered post-tests tor panici- 
pants t r y ear two ;md prc-tesls for new participants, and presented on C()-S rp:P at the annual meeting of the Colorado 
Association of Science l eachers The syllabi for the lirn ironmental Science Course imd Ciimculurn Planning (."ourse 
included the following schedule of activ ities 

Octoher. I '■)')■{ strategic planning (3 hrs ^ 

l-'fhnum , '.)')y i !ea.rt of the Roekies - an eiu ii onr; utal education workshop ( 1 hrs ) 
Jptil. 1993: strategic planning (.1 hrs ) 

\ttiv, 1993 Stalking Pdueation in the Wild - an environmental ediicatum workshop ( 2 davs i 

Winter licology - a curriculum development work.shop ('^ hrs ) 
TiU . 1 995 Keystone Science SehtH>l • an environmental education workshoti ( .1 davs ) 

1 eton Science Schixil - im environmental education workshop (4 davs) 

Canvonland's Field Institute - an environmental education worksho.p (4 davsi 

1 'n\ ironmental Education - a wrap up session (1 da\ 1 

1 he ( enter 's annual report tor 1994-95 indicated that the Center stalVhave redesigned the program suceessfullv to meet 
participants' needs for increased emphasis on science content and constnietivist-based peilagoiiv and for increased opporlu- 
iiitv for inlra-sctuHil pliuining Participant response to the physical science and lil'e science content courses was excellent, 
with many piarticipants ada[)ting the activities and investigations fidm llie content courses for their own classrtxnn 

6.J.3 Qualitative information The participants have each adapted and implemented a physical science and a life 
science unit from the I'OSS program, which is the district's science progriim !he pailiciparits have been leaders for science 
education in their individual buildings A i'^ vv piutieipants have matie presentations at local aiul stale science meetings Most 
]iar1icipants indicate in their lounials that tliev have made several chtinges in their instructional program and ui then approach 
to leaching science Participants state thai student mteresi m science has increased due to the use ,if cix)pciati\e U-artuiig and 
UI imiuuv appr oach io leaching Classnxun ohse^^■atIons b-, the Cenler stall substantiated the self-report data 

( I > S II 1' partK:ip;inls leceivc recogmtinn f. their exi)er1ise in science educaiion Several ( '( i S I IP participants serve 
oil the science coinrnitlee loi I'oudic K 1 and assist with stall de\ eh ipmeiil in science 1 )iiiirig the I 99 19 1 scluxil vear. oiif 
paiticipiinl was noininaleil toi the National Pri:sidenlial Auaid for i xcellence in Science and Mathenialics leaching anil 
anolhei Wds chosen as teacher of the vear lor her si:liixil 
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The I'ort Ct)lliiis Center has established slrcmg partnerships, under the guidance of CSMAT!{ Adams State College is 
encouraging participants lo apply credits received from the CCVSTfif program toward a Master of Arts in I'lementars' 
!-!ducation with an emphasis in science education. Center statT collaborated with principal iii\esti viators from the CONNl'iC 1 
Project, BSCS stalT, and the director of CSMAMi in holding a state-wide planning conference at (JSI ' m March for individu- 
als and orgiini/ations in Colorado involved in teacher de\elopment in science A series of rniiii-confcrences on science stall' 
development are planned for indi\'iduals and orgiini/ations that serve specific populations (e g , eleinenian. school science, 
middle school, higli school, and informal science education) 

6.3.4 Quantitative 
(Jata. We found sigTuficanl 
increases ( 05 level) in the 
number of minutes of science 
taught and the percent of 
time spent on teacher dem- 
onstrations We found sig- 
nificant increases ( 05 level) 
in teachers' perception of 
b.ow \'aluablc assessment and 
evaluation is to elementarv 
school science instruction, in 

li.'achers ' perception o!' !iow rTT^7< ,7^, v i „ , . (■ ,7 V^, 
well prepared they are to 

incorporate ( 1) maior conceptual tlicines, ( 2) educational technology, and (">) nature of science into science teaching, and m 
teachers' perception oft ■'\ well prepared they are to teach other teacher; about ( 1 ) rnaior conceptual themes, (2) assessment 
and e\aluati(.)ri, ) educational technology, (4) nature of science, and (5) science facts We foujid no significant change in 
either personal elficacy or outcome expectancy on the STliHI The SoCQ profile followed the exjiected patten) of teachers 
undergoing the process of chiinge, with the initial high intormalioii and personal concerns prior to the project decreasing over 
the next twn years (see figure 5). The teachers had high collaboration concerns throughout the pro]ecI, wlucii is e\idence ot 
the impoitance that team building played in the project 

6.3.5 Plans for sustaining the program CSMA 1 l!'s mission is to -cwc as ifie focal point for program de\'elopment, 
ii^r lescarch, imd for tbstcnng improvement in inno\alions and reforms iii science, mathematics, and teclinolog\ education 
In discussion with the C'SMATl aiiministration ami stall, thev indicate that thc\ intend to continue the C(;-S1T.1' program 
into ilie future 1 he\ developed an i;xcellent working relationship with Poudre R - 1 I'lie C. ( )-'•> I TP cooriiinatoi now se:\e-. 
in an ad\isoiv capacity on the district science committee ( Mhet school distncts in then icgnni ha\e contacted the (. cnti-i 

L OdriliiiatoT to seek stall development for then cleinenlai\ teachers based upon l!ie < '' ) ''i FIT' |Mogiani 
(>.4 \le<ia ( ounty Valley Schooli in (>rand Junction (started in l'>')2) 

I he (.1 >-S 1 l .P Ceniei in ( liatid .lunction is in it . thud seai ol irnolvcnienl in the 1 '.SCS C( )-S 1 M' jimieel Mes.i 
( .uiiiK Valli'\ SchiHils has K,S2 ^ siudent m 20 oleineiilai-v schools, willi iiulu iTiial simleni populations in buildings rankling 
tiinii ^ to (i '2 siiulents Mes:i ( 'mintv Valley Si.:hiHils includes tn^Ili iiiban schools, which aie hvattxl within ihr cit\ nf 
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Grand Junction, and rural schools Twenty eight teachers, representing ten of the Dislrxt's 20 elementar\' schcwls, are 
participating in the CO-S TEP program at the Orand Junction Center Of the teachers, 68 perceni are in grades 4-6 with the 
remainder in grades 1 -3, 85 percent are in sclf-contamed classrcyims, 79 perceni have less thiin a masters degree. 6H percent 
have received ten ox less semester hours in science, 54 percent ha\ e less than ten years of teaching experience, and 93 
percent are Caucasian liach teacher participant made a three-year commitment to remain in the program through the com- 
plete cycle of content courses. The program began with 30 participants, and five dropped out during the first two vears, 
vshich Uiis halt of the anticipated atU-itK)n for this intensive project When designing the project. BSCS anticipated thai as 
manv as ten participants would drop out each year, because they would mow out of the distnct, would change tenching 
assignments, or would have other assignments that would contlict witli continued involwinent in such an inu ii .ive program 
i' lve new participants were added at llie beginning of year two The ctxirdmattjr f(.ir the center indicated in her aruiual report 
for the .sect.md year that the work of Lhe C()~S T!-P participants generated great interest in the district and it was easy to fill tlie 
positions \ acated Through informal and ft)rmal leadership efforts, participants m the C(.) STI-P program iire pro\'iding 
support for the distnct's other 300 elementary teachers 

6.4.1 Partnerships and cost sharing. Workm. m conjtinctioii with faculty from Mesa State College in Orand Junction, 
staff' from Mesa ("ounty Valley Schools t)perate the CO-STliP Centei in Grand Junction, liach year of Uie project sch(X-)l 
district and the college provide substantial contiibutions to tlie project. During 1 993 -94, Mesa Cotmty Valley Schcxils 

jntn idcd $27,280, and Mesa State College contributed $3,60000 in consulting seiTices 

6.4.2 Teacher development program The teacher de\'eli)pnK'nt progrftm for CO-S TIT' in liriind Junction i;i(.iselv 
follow s the general CO-S ITT' nioael and includes 1 ) a strulegic planning sennnjir for participants during the first year ol' 
their un olvcment. 2) a content couisc each spring, ( 1993 - physical science 1994 - life science, and 1995 - eru ironniental 
^clCIlce). 3 ) a k.atierslup seminar, 4; a curriculum [ilanniiig institute ft)r tliree weeks each summer for participants \o re%'iew 
curriculum reso rces and to adapt the district's adopted progiam (the Delta MikIuIcs) using the knowietige and skills devel- 
oped liirough CO-S'TIT'. and 5) an action rescfircli couse during the fall each year, 

6.4.3 Qualitative results The Centei C\x>rdinator indicates that the CO-S FIT'' program engendered much interest 
among eleineiitarv teachers throughout the district The number of inquiries I'rom teachers about tlie program indicates that 
they will have no difficulty maintaining a high level of p.'irticipation tliroughout the first three ycius o\ Jie project 

Tlie Center stalT, in conjunction with the CO-STlvP program in Douglas County, dc- eloped and submitted a teacher 
Liiucation propt)sal to the T'nvironmental Pr(.itec,tion Agency for supplemental funding ($1 000) that would How CO-S TIT' 
teachers from the two programs to work together to plan eiivirtmmental education units This supplementa; ainding will 
pro\'ide teachers ai.-J their students in each lislrict the opportvimlv to conduct science investigations (e g , water use and 
ijuahtv III each coininunitv) and to c(inimimicate wiiii teachers and .students doing similar studies in another piul of t.he staic 

Stat!' ami fiarticipants in the C( )-S TT',P progiam are leaders in the district's elTt)rts at science program nprovemeiil 
I \Mi teachers leceived a $(il)0 grant !rom a liKal comjianv to lievelop "science suitcases ' for each giatie le .cl in then buiiil 
mg and to '^oruliict stalTtie\el(itiment sessions on those inateiiiils for their eoHe.igues (')nc of ihc participants reeeneil a 
( 'liissnKini t 'ininections Award lor a science unit she developed and sniiinitti.-d to the I'liblu; Ser\'K;e C otnpariy of Color adu 
Manv pailu;ipants report shai mg C( ) S i IT' actn ities and stratt.-gies with colleagues in their sch(Hils Throu^'h n vanet\ 'A 
int'ounal leatlei shiji elVoits, the CO S i rP teacheis have eiK:ourii||icd ■mA suppoitetl colleagues m ir.inK a tmistnictiMst 
approach in then science tcacliiiig I liev were iiisliuinenlal at nitiiKiucing the T!du(|uquest I'eisonal Science Laboratories into 
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iiicir Chapter Two schcKils and assumed responsibility for the distnct's in-ser\'ice [irogi'am tor elementar*' schtx.''! science 
The distnct has devoted a portion of Title Two funds to support leadership activities of the C()-S1T:P teachers 

C()-STfiP has strengthened the ties between Mesa State College and Mesa County Valle\ Schtxils Hr Crarv 
McCallisler, biology professor and Dr. Norma Smith, Dean of the College of education an: serv ing t)n the steering ctmnittee 
for tlie CO-S lT'iP Center The CO-STHP coordinator serves on the strategic planning team for the Mesa State branch t)f the 
C(.)NNiiC 1 project {C\)lorado's Statewide Systemic Initiative) In her anaual r rt, the C"()-S l l.T' co<.irdinator stated. 
Local teachers, administrators, and college professors wiih expertise in the pedagogy important to CO S Tl-P, make it 
possible for the program, to work here ' 

Ttie CO-STI-P ctxiniinator indicated that the participants have exhibited a strong commitment to changing the way they 
teach science CO-S I'LP teachers are using more hands-on and minds-on activities in their classro<ims. Many have incorjui- 
rated cooperat!\e learning into their science program tuid are using it in teaching -n other content areas as well, During one 
schcxT visit, the BSCS project director and the center ctxirdinator observed several teat lers working with their students on 
an ecology unit dealmg with predator/prey relationships The students, which included a number of special c ucauon stu- 
dents, were working in teams examining owl pellets, dewToping dioramas, \nd wi ung stones about predators and their role 
m natural communities 

Ten i.if the participants participate in the Master's degree program otYered through Adams State College, This is a 
special di^gree program that Adam's Slate College de\'eloped for the CO-STEP project Adams State College includes 
several of the CO-SIT", P courses in their masters program, CO-STl-P participants who complete the program will receive a 
Masters of Arts in ITementaiy liduealion with an emphasis m science. 

6.4.4 Quantitative data. We found significant changes ( 05 level) in the number t)f minutes ol'si. nee taught per week 
( incieased), the percentage of time spent on disco\'ery -based learning activities (incn sed), the amount .if tune students spent 
using a second or third textbcxik (deerca.sed), the perception that conslmctivism is valuable in elementary sc oo\ science 
instiuctum ( increased), the willingness to use ei' jatio al technology in teaching (decreased), the perception lat they are 
\\eH prepared to incorporate conslnictivism into teaching (increased), the pereep'ion that they -ire prepared to teach other 
teachers about ( 1 ) consinictivism, (2) ecxiperative learning. {^) major conc' ptual themes, (4) assessment and e\'aluanon (5) 
the n:iiure i.if science, and ((>) science facts (increased) 

We foimd a significant im- 
provement (05 level) in personal 
ctTicacv toward teaching science, 
Init not for outcome expectanev 
for science teaching Ta'tile 5 
|iiii\ ides the results of the Aiiah ■ 
.IS of Vaniiiice I'or the STITM 
instniinenl It is not iiniisiial tor 
teacher'; to fiiAi change their be 
lictThat I'an tench science 

^vcll hcture thev change their belief that studeriis will leain seii.-nce suei < ■• TulK "ulinn lo 1 lall and 1 lord ( I ) Im 'he 
lust thiee \ears, • 'i more, of imiilerneiiling new approaches to leachir i'. teachers often foci's their attention on, intormational. 
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personal, and ma. .agemcnt concerns and do not begin to concentrate on refining the program to maximi/e student ' arning 
until later in the process of implementation. The teachers must fu st successfully teach and see improvements in studeni 
learning, before they have expectations for unproved student outcomes This general pattern of teacher .loncems is su]i- 
ported by the results of the 
SoCQ (see figure (V) At the 
beginning of the project 
teachers had high infomia- 
ticmu! and personal riinceins. 
>it the end (<f the first and sec 
iind years. tJie teachers' in- 
i'ormational and personal 
concerns decreased and m;in- 
igemeiit and consequence 
concerns increased Perhaps 
because of tJie emphasis on 
\soikin;', in teams, collabora- 
tion concerns were high 
lliroughout the proiecl 

6.4.5 Plans for <4u<itair!<ng the program Sc\oral building I'nncipals and tistrict-level administrators ha\ indicated a 
desire and a commitnienl to continue ih' Tograni alter NSl' I'undi g ends fhex i timate that the\ can continue the piograin 
.it a cost ol $20, ()()() per vc ir Center slafl' along witli bu .Img and dislr;, t-le\el admmislratoi arc ■ eekiiig funds ilirough 
reallocation ot distiict funds and from the communii^ and stale agencio 
6.5 University of Northern Colorado in Greeley (started in 1993) 

i liere arc 1 9 participants m the C(,)-S lit' project at the Ciree!e\ Ccnu ; I hc [iarticitiants lepresent both urban and 
luial sett ,gs !'he p.'irticipants are from se\'en sehixils and three school districts one of two elementan schc>;,/ls is from 
l !alon, which has 4X4 studeiils in the district, five of thirteen schcH)ls are ti oni ( cley, which has 5,685 students in the 
district, and one of se\ entv-nine schcwls is from Denver I'nblic Schwils, which has a student population of 62,67 ^ Of the 
participants, one-third are in grades l-.l and the remainder are in grades 4-6, two-thirds teai'h m self-contained classnxims, 
■U) percent have a masters degree, all liavc more than 10 semester hours of .science, 4(,' percent hav e less lha'i 10 ycais of 
'cachinj c\pei ieiice, 20 percent ar e I hspaiuc and ihe rest arc Caucasian, and ')} jierccnt mdicate that then schinil qualifies 
tor Cliaiiler ( )ne funds 

6.5. ! Part»?er!ihips and cost sh>! ring 1 lie I tuvcisilv of Nortliern (.'oloi ado (1 INC ) is the piimarv siibconlrai.toi tor i , 
I 'NC (■( )-S fi'l' (\ntei The UNC CO- S I \ 'V Ccnlei toinied partnerships vsiih the Creelcv SlIhhiIs I)-6, baton Scliools H! 

and the Mc!.1ceii School in I)cii\ei TIk. iiii\crsil\ s cniitnluilion lo the ( ( ) STI 1' Cetitei is ?i2^,2V) Ww the first tlirce 
■. ais of Ihc eel I hi- UNC ( ■':iitei was one ol four centers that m I 5 .i| plied lor and rec eised an 11' A I '!n\ ironiiu iiI.il 
I HiK alioii ( "I ant ( I 'N( ' i c-ccis cd 'tis MOO i to su[ipUMni'iil ibe msti lu uoiial [>i i>graii! for eiiv ironnn'nlal science diiiing the 
i'' 1 ''->,,( lHv.)i Wx ( enti'i siatV IS cnllaboratiiif' vMib H'-.i stall and the ( '( >; <N1 ( ' I sue nt 1 'N( '/( iri'clev 1)' loiic 
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c'''lhc twelvi; partnerships in Colorado's Statewide Systemic Initiative) to conduct the statTdc\clopmcnt program for (rreclev 
and UNC CO-STEP participants dunng the summer of 1995 

6.5. 2 Teacher development program. The major goal of ihi- UNC CO-S ITT jMogiajn is to assist paiiicipating 
teachers in planning, designing, and implementing improvements in their science and mathematics cumcula, assessment 

i rcx;ed'ires, and teaching ^ rategies To meet the needs of the districts and particip.'ints, the enter statT designed the follow - 
ing stalT development program 

1 1 Content/pedagogv' (s'jmmcr each year) 

2 I Curriculum design and in plementation (siunmer and tall each year) 

3 Implementation/action research (fall andsprmg each year ) 

4) Leadership (summer each year) 

5) Strategic planning (summer and fall ot'iiie first year) 

The courses and seminars in this design attain tlie general CO-STIT' model of 1 10 hours of direct instructional timv 
The unique feature of llie program is that the majoniy of the insuiiciional tune is sched' 'ed in the summei to accommodate 
the needs of the unn ersity and participants i\ special emphasis of the UNC Center is on providing intensu'e fviUow-up 
suppi and coaching to participants in their classnxims dunng the schtx)l year In add; on to being instructors for the 
I nurses and senimars, the stalf membeis arc assigned to a schcxil team of participants and meet with them on a weekly basis 
throughout the scIkxiI year In the other CO-S 11 .P Centers, the stalT members tvpically \ isit less frequently, ranging from 
once a moiiiii to tiwiee a veaiv During tlie visits UNC Center staff meet an i consult willi pailicipant teams and indiMduals. 
observe science classes, iuid assist participants m teaching one or more of their unit lessons 

6.5.3 Qualitative information. Dunng the fall of 1993, the Center stalToifered two all-day workshops on cun-iculum 
irnplernenta on, strn'egic planning, :ind leadership The content fcKUs for the 1 994-93 program is enviionmental science 
The start' aiianged i , a special two dav session at the RcKk\ Mountain Natioinl Park willi an enMroiim^ ital educator, Mark 
Del iregario of the National Park Serv ice, w ho worked w ith participants using ecological and en\'ironrnental actn ities, and 
in\ estimations Participants responded positn ely to thcs. prO'grain activities 

The participants are making substantial pr ngress in improving their schcxil science progrsuiis One of the pailieipants 
stablished a special "eleni ntarv chemistr program for at-risk students in her ■■■:\\o()\ 1 he initial goals and objectives for 
this program wete ( ! ) lo introduce the key elements of a chemistry lab by providing a basic imderstanding of laboratorv' 
tcvimiques, (?. ) lo i.itrcxluce fundamental chemistry concepts such as a basic understanding of atoms and ilieir sUticture, imd 
( 3 ) to introduce and engage students m the use of scientific pirtKess';s Students studied ptominent scientists from iheir own 
' tilture and other cultures, and were ui^ged to attend oUego and pursue studies in chemistry or one of the other sciences 

(>.S,4 Quantitative data. \\y: ■ irticipanls at tin (ireelev Center did not eornpleir the tnrunation checklist ;is part ot 
th.eir pretest, therefore, we could not rt. ke comparisons between pre and jiosttest I'li tliose variable-. V,'e found no signifi- 
cant changes W • either S IITi! subscale Ihc SoCQ profiles (see figure '') toliuwed tlv expected pattern of a lieciease in 
iiulial high itifonnatuni personal, iind manap.'nient concerns, which indicates that tr hers are making pro^'ress m tb 
ptiH css I't change 

6. .^.5 Plani for tuntaininf; the program 'he I 'NC Center is buiKhug a partnership 'vith the I 'rincrsits and >.^ith the 
( '( 'NNf'CT site in I fNC/r,re<4ev ' ' IPickott. a jirofcssor of science edncalion at I 'NC who series with th^- lix'al 'irai. ■>! 
thc( ();nNI 1 project, lumed the stall o' the ! NC d )-S i 1 ,1' U t'tei foi its thtid ptKieci \eai ' is goal is to unite tlu: 
( ( )NN1 C 1 pr n|ccl, the mission ami iiitc.vesis of I 'NC, and l! c ( ( ) S 11 I ' pmitct iiilo i i ^ iheient whnic The plan is Uw I lie 
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6.6 Dout;!la9 County Public Schcxtls in Castle Htvck (ittartcd in Wi) 

l iic CC )-S ! I'.l' Center in I )oug!as Counlv started iis work during the fall o!' 1 9')^ Douglas Couiiiv Rlv- 1 has approM- 
tnaid\ 10.622 ■..■lenient ;irv studenis and .AHO elementary teachers Douglas Counlv V.VA is located south of the cit.v of Denver 
and include: boih suburban and rural aieas It is one of the taslest growing school districts m the nation 1 he district admiu- 
isttalion IS iiivoK ing select Ct)-S 11 P ; i iicipants m redesigning the scienci.' program 1 lie district h.i an outdated Iranic- 

ork !oi clcmentarA science that includes guidelines tor content and process '-kills, hut has no foni: '! science program 
Several C( )-S I bP participants are involved in developing district science standards basod on the Colorado Slate Scie ..c 
Standards, the next step will he to adopt, adapt, ajid/or develoj' an elenienlarv science program for the district 

The D Migl.is Countv Center has 2'> paiUcipants f un 1 1 ot the 21 elementary schools m the schiKil district Diuing the 
fust two vears. oi.lv fnir members dropi'cd out of the progranr 1 he initial group consisted of ^ 1 paiucipanls, and two ne\s 
teachers were added from sclux)ls already piirttcipaling m CC>-STi :i' Ol'llie p uticipating teachers, 84 percent are from 
!.!rades 4-6. 100 percent are in self-contained classrooms. ^2 percent have a mastets degree. 65 percent havi? earned 10 or 
less semester hours ui science. ( / i percent ha\e less than ten vi.'ais ol teat hitu: expciieiicc. ') < peicciit arc ( 'a.uca^^a!!. and l;'' 
vereent iiidicale that their sr >1 r.]ualilies for Chapter One funds 

6.6.1 PartneMhips and t(i»t sharing ! he schcnil disVriel is the suliconiracioi for llic Douglas Counlv Center The 
Center is collabotating with the 1 Iniversilv i>f Colorado ■ Denver to pi(>vide |iarticipanls with an i ipporiunilv to earn a mas^ 
ieis di-giee in elementaiv education with a science focir; The district i pioviding $ 1 7.2 1' jier vear in suppiorl i the [iroiect 
In addition, the drilnct provide ; tin; paiHeipants each with S7S to pmchase cunieuliim inati-rials tot the science units de\el 
oped in CO STPI' Another ';.6.')on in rotnsti .riion tees for grndiinte er; lit are bemi' paid bv parlieipants desinnp credit ench 
\i'ar 

6.6.2 Teifchcr development program, 1 )ouglas t ountv is unuiue m that nianv ot their elementai\ schixils operate 
>car lound I heiefore. the generall mrnlel BSCS ik'veloped foi the CO STbP progrnrn dui nol fit their operation With the 
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assistiince of HSCS, stalTof t.h« Douglas Ctnuity Center developed a teacher dcvelopniciU prugriini that incrporated the 
goals and t)bjectives of the CC)-STl{P program, but whose schedule was compatible with s ear-roiuid sehcx)ling In the 
Douglas CoiintV' plan, participants meet twice a month for evening ses-- ons throughout the year, with an occasional additional 
Saturday session \o meet the required number of contact hours for the programs' components Because there is m cxttiidcd 
summer vacation, the Ciunculum I'lannmg (. nurse is sheduled during the regular scluxil year An unanticipated, positiv e 
ofVect of the ('(^-STI'P pro|ect is that Douglas ("ountv Schools are using the collaboration w ith the I Iniversitv of Cokn ado - 
i )c!i\cr as a model !br how to design and deliver intensi\e stalT development to their teachers 

The CO-S ri:P program in Douglas County began with a strategic planning seminiU presented !n district adimnisiraUu .-i 
and HSCS stall' The phssical science course followed the strategic planning seminar The Center uses seeondarv science 
lcaclu:!s. who are fariuhar witli the ciintetU and pedagogy cmpahsi/ed in C(.)-S I'lT', as the mslnictors for the science Cimtent 
^oui.ses HSCS start" collaborate with the instmclors m phuining the content courses and pro\ide assistance ;md support 
during the courses A HSCS siatT i:: ;mber, Don Maxwell. t.>ccassionallv seiTcs as a guest instmctoi 

i he content course each vear (duj-ing October through I'ebmary) is followed by a Curriculum Planning Course (dming 
Vlarch through mid-J^ilv) m which participants review resource materials and proiir.mis related to the science content area 
thcv |ust studied. Then, working m teams, the participants develop a science unit to use with their sp.idents h\ adapting 
extant materials and programs to a constructiMst approach During September throug!) November each vear, the participanls 
;ue mw'ved m a series of seminars dealing with !eadershi[i and action research The Action Research Seminar and Llie new 
S.. lenc Content Cour-,i.' alternate sessions during October and November The schedule is tiemanding for participiutls. but 
dui tug the first two \ ears they have ir.aintained a high ic\ el of commitmeni to ;!ie project 

6. 6. J Qualitative information l lic Center stall indicated in their annual report (.hilv 1 ) that the p-articifnints aro 
i.'iicoiiraged bv the sup[H)rt they are recei\ ing from building principals and fellow teachers One schtx)l adopted the imi)io\e- 
mcnl o! school science as a ma|or goal lor the coming year, w ith CO-S 1 b!P participfrnts being asked to assume -he leader- 
slup 

.Assessment has been a special emphasis of tJie Doublas Ct)unt\' Center In the (..'uiriculuin Planning Ct)urse. the partici - 
pants examined assessment techniques as pait of the de\'elopment of a science unit I he equality of the jihysical science unit 
w as e\ aluatcd with, a rubric de\ eloped by Center statV, As another component of Ihe t)vcrall assessment of Llie project, ihe 
Center slalT e\ aluated teacher -developed ptirtl'olios containing responses to eleven journal articlcsAxxik chapters and re- 
sources that would help them to be a better science teacher Center slalT worked with individuals luid small groups as lhe\ 
develojied their units to ensure they incorporated the C( )-S lT.P components related lo pedagogy The presentations made bv 
jiarlicipants during ihc la.st cuinculum planning session were excellent Ciroiips presented their units and respondeti to 
piesiions and suggestions form other participants i'articipanl evalualions of the inslituie indicated a high li.-vel of learning b\ 
(•jutieipants and a desire for clearer expectations from mslnictois 

I he leader-v.'p >eminav focused on assisling teai hers in drvelcping a ineaiiingful framewmk for elVcC c professional 
dovelopmenl and on understanding the changi,! [niKcss assiK iaied with i iplcmenling their strategic plans Conteiii Ici the 
M'lninar inchulcd 1 i five uKulels of st;itVdevclo[)menl ( Dcnms Sjiaiks) aduH k'uming thcorv ( Malcolm Knnw les) Cciiteni^ 
Mased Adoption Mixiel ((Tenc Mall and Shirlev Mord), peer coaching, tiansilioiis management (William Hridges), stall 
tlevcloprnent paradigm shills (Dennis Sparks), and the RPTiM school improvemenl motiel (f red Wcxxi) Participants wroie 
iwo papers in leaclion lo loumal arlicles lelated to stalV development and change A final paper was ie(iuired that deseiibetl 
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huw the concepts and mcxlcls tauglit in the class would be used to support implementation of the strategic plan for then site 
i-A'aluatu)ns of tJie leadership course were extremely positive Participants appreciated Uxiking at the prt>ccsses and strate- 
gies o! implementation 

The Action Research, seminar focused on assistuiti participants in conducting ;i 'ion research m their classrooms liach 
[)articipaiit forrruilatcd a question, the answer \a which was of special interest to him or her The htxik How to I 'se Action 
Research in the Self Renewing!. School ( Sagor, 1 992) scr\'cd as a text. Participant feedback about the qualitv of the course 
was very positive Some piirti pants felt the course requirements were to high for one hour oi' credit Tins is consistent ■'Mlh 
what wc found in other centers v\crc there was an in-depth io';us on action resciuch. the lust attempts can be a struggle We 
Ibimd in the oilier centers that when the pailicipants go through the second year of the action research seminar tliat they find 
the research studv easier tt) conceptualize and conduct and more meaningful to their teaching 

6.6.4 Quantitative data. 
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We t'ound significant improve- 
nienls ( ()5 level) in teachers' use 
of ( 1 ) hands-on activities and (2) 
disciiverv based Iciuning, teach ■■ 
CIS perception that constnictiv- 
ism IS valuable in elementaiT 
school science instruction; teach- 
ers iicrception that ihev are v\cll 
prepared t^- incorpe)i ate ( 1 ) ^ on- 

stiucti\ ism and 1 2) cooperative Icaii-^ag into their teaching anti teachers peiccjitioii that tliey aic well prepared to teach 
other teachers ho\s to use { 1 ) constnictiv isin, (2) cooperative leanung. i.,'' ) maior coi ..eptual themes, (4) assessment and 
evaluation, [5) nature of science, and {()) science into their teaching 1-or the S 11 Til, ^vc found a significant increase [ l)f> 
level) m teachers' personal elTicacv beliefs about science teaching, but not in teachers outcome cxpt-ctancv for stiulents in 
science (see table 6) l iie 
SoC(J results (see figure H) 
lollovv the expected [jattern 
of a letluction in inf 'iina ■ 
tional and personal coricerus 
;<nd a slight increase in con- 
setjuence and collaboration 
concerns 

6.6.5 Plans for tiu«tain- 
inR the program. Disli u t 
level adrnnistrators iii Ooiig 
las Countv indieaii.* that thev 
intend to continue the pro 

gram bevond the funding hi^,- r S So< \ ^ itrnfilf for I loufilin 'ounl\ 
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;to\ ided by NSl*' I'hcy arc CDnsidenng the pcissibility ot'bcgimiin^ a second C( )-STivP ciihorl next scar bctbrc ific first 
group finishes, because Ihey want to expand the project to teachers m sclnxils that ha\e not parlicipaied in l'( )-STl '.1' 
Douglas C'oonty administrators also indicate that they intend to expmid the masters program that the I nivcrsiiv ol I 'oUdado 
Denver established in collaboration with the ("O-S Tin' Prograi, ; 

7.0 Conclusions 



( )vcr.i!l, the project is progressing well ' acii ol'lhc si\ Centers is jtroMding a qualits professional dcs elopment pro 
giani m scieneo education lor a group of elet!icntai\ school teachers The participants are changing in their beliets about 
their abilil\ to teach science and their belief that all students can 'earn science The participants are impro\ ing what the\ 
teach, how tficv leach, and how the\ assess learning in science rhe\ are progressing thrcmgh the process of changing their 
science program tbllowmg the pattern supported by the research from the Concerns Based .Adoption Model, The)' are 
becoming leaders m schix)l science improvement in tiieir schools, their dislncts, and their state They are inlhiencmg the \\a\ 
iheir colleagues in their schcxils and districts arc teaching s,.- ee Our judgment is that at its halfway point, C( )-ST!T' is a 
success 

Saving that C(,)-ST1T' is a success is not the same as saying that there are no problems iinresoKed issues The t'ocus 

ot the evaluation in ihe middle ot'thc pr, !]ect has been on obtaining lonnative leedback to guide improvements We have 

identified the tbllow ing as areas Ibr iniprcn ement 

/ Sumtnaiive cvaluaHon We plan to strengthen the evaluation plan for the suinmative evaluauon of the pioject Wc 
need to ctillect data \.o assess the nature tif the classnxim learning environment. We need to assess the change m 
teachers' knowledge about science We need to collect additional infomiation using multiple mcthiHiokigies to 
assess the changes in classnxim practices of the teachers, I'o the extent possible, wc need to investigate changes in 
student learning resulting from the project We need [o diKUinent the ctTcct that participants are having on changing 
the teaching t)l' their colleagues Much t)f the data must be collected through obsi,rs at!on, interviews, and analysis of 
artifacts of teachers, students, and administ]-ators We will ask the Center statV to assist in collecting and analv/mg 
these data i'oY the summative evaluation, 

I nit plonnii The nature ( -i ihe unit planning ta.sk varies tunong (.x-nters more that we would like We want to 
continue \o encourage and supptin Center staff in facilitating participants in de\ eloping iheir urnt plans The Cdcus ot' 
unit planning should be on adapting extant curriculum matenals for the liKal goals, objectives, environment, and 
culture At Centers where unit planning has been accomplished well, we have found that it is tiie kevstone io teach- 
ers' reconceptuali/ation of their vision of gtxxl science teaching 

Action research. The qualitv of the action research that participants conduct varies significantly from site to site 
We iu'c learning ifiat action rescitrch is a powerful strategy lo focus teachers on gaining control iwer their own pro- 
fessional development We believe that bv developing the rcsciuch skills of teachers that thev can and will u.sc 
disciplined inquiry as lifelong leamers of science education 
/' Sitstiiininji the ne'wnrk I'he Center staff unifonnily agree that a inaior benefit of the protect is the collaboration ami 
sb.aritig among themselves dvu'ing our regular state-wuie meetings of Center statf and informalh between 'alf mem- 
bers l'rt)in tlifferent sites. In a state v\here local ctmtii-.l of education is the lasv and teacher education is delegated to 
onlv a few of ttie institutions of higher education, a p oject like C()-S 11 'P, which has as its purpose to build a eollab 
orative network for the improvement of elementary schtxil science [imgrarns thrtiuglnmt the state, faces rnanv chal- 
lenges 1 lowcer, with Ihe recent estohli:-limcnt of the Colorado Systemic Initiative (C( jNNIiCT project) wh-isc 
I^riniarv piirriose is U'l cixirdinate science and mathematics education throughout the stale, C( )-S'lTT' now has an 
umbrella organization that sorA/es to unify all levels t)f the state educatum infrastructure amund a ctmiinon pm]X)se 
A inaior f(H;us of ( '( )-S [\\\' during the last two years of NSf' support will be ( 1 ) to strengthen the collaboration 
among Ihe CO-S TIT' Centers, (2) to institutionali/e the CO-S Tl'.P proj sam at each Center, and (,V) to strengthen tin: 
lies among CO-S l i;! , C( )NN1:C 1', and all other individuals and institutions invc^lved in the imprtivemcnt ol science 
and matliemalics education in Colorado 
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